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FORRWARD 
It is appropriate that the CGIAR decided to commission a study of the 
effects that the centers it supports have had on agricultural research 
institutions and agricultural production in the Third World. 
3 The external committee appointed to advise on the conduct of the study 
wishes to raise some issues on its own, and to acknowledge those whose wisdom, 
foresight, and hard work led to the initiation and successful conclusion of 
this study. 
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A word about the role of the advisory committee and the process is in 
order. Its members were broadly drawn from diverse disciplines and 
institutions, with varied national backgrounds. The committee functioned as a 
support group to the director, Professor Jock Anderson, in the design and 
-- c; 
organization of the study and as a reviewing body at intermediate and final 
.: \ 
stages. The process worked well -- the advisory committee is pleased with and 
fully endorses the product. The committee was impressed with the high degree 
of professionalism and the organizational skills of Dr. Anderson, and has the 
highest regard for the manner in which he interacted with the committee, 
assembled his team, and carried out this difficult charge. Dr. Anderson 
enjoyed especially strong support in executing the project from 
Dr. Robert Herdt who carried staff responsibility for the study within the CG 
Secretariat and also interacted most successfully with the committee. 
The CGIAR was launched shortly after the first days of the “green 
‘I revolution” when semi-dwarf wheat and rice varieties, developed by the first 
. 
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two centers, were spreading rapidly and when the world’s attention was focused 
on the food crisis in Asia. The descendants of these varieties, developed 
cooperatively with the national programs, remain the largest contribution of 
the system, and that is large indeed. There are indications that the centers’ 
work on other commodities is also beginning to pay off. Center related maize 
varieties have spread to over 6 million hectares in developing countries; new 
bean varieties are spreading, improved potato clones are being used and new 
cowpeas are being grown by African farmers. The system has made a major 
contribution through training to increasing the capacity of developing 
. 
countries to conduct research. These contributions alone demonstrate the 
enormous utility of a coordinated world system of agricultural research and 
training. 
The wheat and rice breakthroughs were based on a backlog of basic 
knowledge in the plant sciences that is not so readily applied to dryland 
crops which are particularly important in parts of Africa, the center of 
today’s food crisis.. Wheat and paddy rice are grown on large, rather 
homogeneous areas while sorghum, millet, cassava, and the various food legumes 
are dispersed across a wide diversity of ecosystems. 
The world’s attention is now focused on the profound problem of food in 
Africa. The causes are manifold: drought, strife, population growth, 
political imperatives, policy decisions, and world economic conditions all 
contribute. The CGIAR centers are devoting a substantial part of their 
resources to these problems: four centers are located in Sub-Saharan Africa, 
as is the sub-center of another. Their impact has thus far been modest, 
especially compared with the impact of the semi-dwarf wheat and rice 
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varieties. This is to be expected in view of the scientific and technical 
difficulties let alone the other factors responsible for famine.. 
The committee believes that, in the years ahead, the conditions that led 
to the initial successes of the CGIAR system will be changing. The backlog of 
basic scientific knowledge has been exhausted more rapidly than it is being 
replenished. Many developing countries have organized national research 
systems (to a considerable extent spurred by the success of the international 
centers) with the ability to conduct adaptive research. More will do so in 
the years ahead. This will require bold ,steps to shift the research focus and 
the structures of many of .the centers from classical adaptive research on 
specific varieties to the supply of new methods and new breeding materials, 
many based on the rapidly developing methods of genetic engineering and 
biotechnology. This involves a changing emphasis from highly applied to more 
basic research. It also involves enhanced links between the centers and the 
forefront national laboratories in molecular genetics. These links will be 
effective only if the centers have staff members trained in these new 
techniques. 
Agricultural science in the 1980s is in a state of rapid transition. 
Genetic engineering and other tools of biotechnology promise to greatly 
increase the potential gains from investment in research. Significant 
advances in molecular genetics, relevant to the work of the centers, have 
involved discoveries of ways in which the genetic material san be manipulated 
in animals, plants, and micro-organisms. Since a great deal of the work of 
the centers concerns the exploitation of germplasm in plant breeding, they 
must take the earliest possible advantage of the new technologies. This is 
viii 
especially important since the time required to bring new knowledge into 
practice is now much shorter, and entirely novel crop characteristics can be 
created. The CGIAR centers will have to pursue these new avenues of research 
in addition to or in place of their current activities if they are to 
expeditiously meet their primary responsibilities to alleviate hunger in the 
Third Wor Id. 
It was understandable to address the problem of food production on an 
emergency basis at a time when millions of people in Asia and elsewhere were 
faced with almost certain prospects of undernourishment and hunger. These 
dangers still exist not only for people in large parts of Africa but among the 
poorer strata of society everywhere. Nevertheless, it is important that 
problems of food supply are also tackled bearing in mind the longer-term 
perspective of preserving vital ecological balance and protecting the 
‘. environment. Short-term gains which jeopardize longer-term goals cannot have 
a place in an integrated strategy for meeting basic needs worldwide on a 
sustainable basis. 
It has been recognized for decades that there is a need for the 
development of appropriate technologies that might permit sustainable use of 
lands subjected to slash-and-burn systems and the other forest removal 
techniques. Population pressures and numerous other factors have been 
dramatically increasing the intensity of deterioration of tropical 
environments. The extreme situation is posed by those millions of small-scale 
and marginal farmers trapped on degraded lands and lacking new areas or 
productive lands to which to move. 
-.. 
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The international centers and those that sponsor, guide and finance the 
centers do have a profound interest in the development of systems’that can 
contribute to alleviation of pressures on remaining tropical forests and 
. . fragile environments, permitting sustainable agriculture and animal husbandry 
on cleared lands (thereby reducing further destruction). Consideration must 
be given to appropriate arrangements for research to help national 
institutions .to develop management methods, technologies, and policies for 
sustainable agriculture, animal husbandry, plantation forestry or 
agroforestry, and rehabilitation of degraded tropical areas. 
A case can be made that research should not focus exclusively on food 
crops. The principle of division of labor and mutually beneficial trade 
applies as much to agriculture as to anything else, and it may make sense for 
farmers in many poor regions to specialize in commercial crops rather than in 
food production so as to maximize their incomes as well as the chances of 
feeding the entire population in the region on an economical basis. The role 
of internat ional centers, vis-a-vis national centers in research on commercial 
crops, needs to be worked out in order to meet the needs of poor farmers 
bearing in mind the crops they are best suited to produce. 
Finally, it cannot be overstated that the work of the centers is of 
benefit not just to the developing countries. It is an aspect of the growing 
interdependence of all nations that anything which contributes to the well- 
being of large numbers of people anywhere tends also to benefit the rest of 
the world. This is perhaps more true of scientific and technological progress 
than .anything else. 
Frank Press 
Chairman, Advisory Committee 
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At its November 1982 meeting the CGIAR endorsed the idea, proposed by the 
Swedish delegation, that a study be made of the "impact" that the centers had 
made on agriculture in the Third World. In the early part of 1983, two 
"brainstorming sessions" were held to which 44 persons from among each of the 
1 
following groups were invited: CGIAR members, center Directors General, 
Secretariat staff, TAC and interested observers. They made suggestions and 
provided cautions about the process that might be followed. 
At the May 1983 mid-term meeting the Group gave its approval to the idea of 
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forming a small subcommittee of donors which would select members for a study 
advisory committee, provide guidance to the.Secretariat in formulating the broad 
outline for the study and provide guidance in identifying a candidate to direct 
the study. The Group was clear in its determination to have a study conducted. 
by "outsiders," not one carried out by the centers or others inside the CGIAR. 
The donor subcommittee met twice and submitted a set of names for the Advisory 
Committee and Study Director to the Group at its November 1983 meeting. At the 
same meeting the Group approved the tentative propsal for the study, subject to 
modification by the Advisory Committee and Study Director. 
Financing for the study was received from the following members: Sweden, 
the United States, the United Kingdom, France, the Federal Republic of Germany, 
Canada, the Netherlands, Australia, the United Nations Development Program and 
the World Bank. Three members provided services in kind, undertaking particular 
parts of the study with their own resources. 
xii 
The Study Director began full time work on the study on February 1, 1'984, 
and continued through January 31, 1985 after which he spent part time on the 
study through November 1985. Other members of the Study Team were identified 
and hired as early as possible and the work of locating people to undertake the 
country case studies and issue papers was immediately started. 
The study had one major objective: to determine the impact that the CGIAR 
centers had made on agriculture in the Third World. Two distinct parts were * 
identified: (a> the contrbution the centers had made to assisting developing 
countries improve their own agricultural research capabilities, and (b) the 
contribution the centers had made directly or collaboratively with national 
programs towards increasing food production. 
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It was decided to conduct case studies in as many developing countries as 
practical to ascertain information bearing on the first issue. Those case 
studies, plus whatever other sources of data or information could be obtained, 
were to be the basis for judgements on the second issue. It was further decided 
to conduct a series of studies of particular issues on which the centers might 
have been expected to make an impact. 
The results of field studies started becoming.available in August 1984, but 
the bulk of country studies and issue papers were received between November, 
1984 and February, 1985. Some- papers were received as late as July 1985. A 
list of. country case studies, issues papers and their authors follows: 
‘3 
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The Report 
This main report was compiled in the first instance by the Study Team 
consisting of Robert W. Herdt, Carl E. Pray, Grant M. Scobie and Jock R. 
Anderson (the later in consultation with Hans E. Jahnke on the African Country 
case studies). Finalizing the text was very much a team effort but the starting 
point varied from chapter to chapter. Some chapters represent a team editing or 
summary of usually much longer reports: chapter 8 mainly from Michael Lipton 
and Richard Longhurst with new material on North Arcot from V. Rajagopalan and 
P.K. Aiyasami and on Colombia from Eugenia Muchnik de Rubenstein; chapter 12 
from Jack Hawkes; chapter 13'from Paul Teng and David MacKenzie; chapter 14 from 
Michael Nelson; chapter 15 from Robert Brinkman; chapter 17 from a group of 
authors at the UK National Institute of Agricultural Engineering coordinated by 
Robert Bell; and chapter 18 from Jake Halliday. The Summary of the report was 
prepared by Steve Breth. 
The study absorbed generous amounts of secretarial skills. Donna D. 
Thompson especially and Barbara Thompson and Sue Kaplan served as secretaries to 
the study. Others who assisted willingly with typing chores included Noemie Del 
Marr, Janette Abdul-Ghani, Sue Lucas, Leanne Frost and Judy van Baal. Narendra 
Rustagi served as research assistant and Dorothy Marschak coordinated the 
editorial tasks in the related study papers. To all those and the many other 
friends of the study the director wishes to express heartfelt gratitude for jobs 
4 
well done. 
xvi 
The Advisory Committee 
The Advisory Committee, whose members are listed overleaf, met three times 
over the course of the study. In January 1984 the Committee first met and 
agreed to a general plan of work for the study and its broad scope. The second 
meeting was in October 1984 when the Committee reviewed the progress, some of 
the early documents, the revised plans for completion and a preliminary report 
to the meeting of the Consultative Group in November 1984. At its final meeting 
in July 1985, the Committee reviewed drafts of the main report and its summary, 
and advised the study director on preparation of the final documents. It also 
considered the Forward to be prepared by its Chairman, and his presentation to 
the Group meeting in October 1985. 
At its final meeting, the Committee also had the benefit of a commentary 
prepared by a Panel of independent authorities .from the developing countries. 
This Panel assembled through the good offices of IDRC, consisted of Dr. Farzam 
Arbab, Dr. Martin Pineiro, Dr. Phillip Chigaru, Mr. S.W. Sgdikin, Dr. J.H. 
Kasembe and Dr. Francis Idachaba. The Committee asked the study director to 
endeavor to take account of these helpful comments in preparing the final 
versions of the reports. 
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Part I INTRODUCTION 
Overview 
The CGIAR, formed in 1971, grew out of a history of international 
initiatives for new technologies relevant to developing countries. There had 
been some early successes with improving rice and wheat productivity that led 
the donor community to this unique arrangement for multinational assistance to 
world development. The intellectual predecessors to this movement include a 
growing appreciation of the importance of agriculture in economic growth, and 
the successes in various countries , particularly the D.S.A. and W. Europe; of 
technological progress based on research. Some of these developments are 
charted in chapter 1. In the train of these multilateral and intezllational 
initiatives was the significant evolution in the priorities accorded to 
investment in agricultural researCh in developing countries . These 
developments and their current manifestations are taken up in the introductory 
chapter 3 in Part II. 
scope 
under 
The second chapter in this Part presents a brief description of the 
of the thirteen international agricultural research centers working 
the auspices of the CGIAR. This is intended to complement the 
considerable volume of material that is readily available from the centers 
themselves. The work of the centers is exposited with the intention of 
providing a broad appreciation of the forms, and roles of international 
agricultural research. 
The general stance taken in the study is sketched in section 1.5.6. The 
complexity of the centers obliges a broad approach to an assessment of their 
impact and the range of issues addressed in this’ report is a reflection of 
this obligation. 
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1 THE ROLE OF RESEARCH IN DEVELOPMENT 
1.1 Introduction 
. 
Sustained economic growth from time imemorial has been typified by 
increased agricultural production and a declining importance of the 
t- agricultural sector. Rapid increases in real income per capita in today’s 
more developed economies have occurred contemporaneously with a rise in the 
importance of the industrial sector. However, in every case, technological 
change in agriculture has been a mainspring of economic growth.’ From the 
introduction of irrigated culture some 8000 years ago, through the use of a 
e- 
wooden plough some 5000 years agoI and through the changing farming practices 
in Europe in the eighteenth century, to the hybrids, chemical. fertilizers and 
machines of the twentieth century, agricultural innovation has been the 
mechanism whereby the production of food could be accomplished with a 
simultaneous release of capital and labor for non-agricultural pursuits. In 
economies where agricultural output and productivity are growing through 
investment and technological change, resource transfers from agriculture to 
-. . 
. . 
build an industrial sector, as envisaged in the growth policies of many 
nations cant in f&t, become a reality. 
1 .l .l Role of the agricultural sector 
One interpretation of the history of recent decades is that, until the 
1 960sl industrialization ftrmd the cornerstone of economic development policy 
in much of the developing world where agricultural progress was often tardy 
f ..i and agriculture was often accorded low priority. Rich countries were seen to 
‘c? 
have generated an increasing proportion of their economic activity in the 
industrial sector, with a simultaneous decline in the importance of their 
:; CH 1: 8/13/85 
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agriculture. Many nations embarked on a deliberate policy of 
industrialization. In both market oriented and centrally planned economies, 
heavy infusions of capital were made in the industrial sector. As agriculture 
was inevitably the predominant sector of the economy, it became obligatory 
that resources be transferred from agriculture - in fact, the agricultural 
sector was often viewed as a reservoir of resources from which could be 
extracted the flows of labor, capital and foodstuffs needed to sustain non- 
farm economic growth. 
Many and varied policy instruments have been employed in pursuit of this 
transfer. Taxes on agricultural exports, land taxes, cheap food policies, 
multiple exchange rates and protective industrial tariffs are some of the 
devices used to capture the surplus of agriculture and to use it as a stimulus 
to industrial growth. 
In large measure this strategy failed. It did not induce broadly based 
economic growth. Instead, a small, highly capital intensive industrial sector 
emerged, depending for its existence on direct and indirect subsidies and 
imported technology, and employing little of the expanding labor force. The 
additional income streams were largely captured by urban elites (including 
public servants) whose expenditure patterns did little to stimulate demand- 
induced linkages to the remainder of the economy. Agricultural productivity 
tended to stagnate, lending credence to the view that the sector was 
tradition-bound and unresponsive to prices. Its poor performance reinforced 
the zeal with which industrial development was pursued. 
Since the mid 196Os, several countries, including Brazil, India, the 
Philippines, China, and Thailand, have radically changed their policies toward 
‘V 
4 
:., 
. 
-.. 
L 
-i 
CH 1: 8/13/85 
;a 3 
-t- 
t- 
A- 
\? 
t 
agriculture to enable it to play a leading role in development. These 
countries have balanced policies based on public investments in irrigation and 
technological change that permit farmers to produce at lower unit costs so 
that food prices have been held down. Yet, with real costs declining, 
incentives have been great enough to drive agricultural growth at a faster. 
rate than demand, notwithstanding declines in product prices. 
In the absence of technological changeP discrimination against the 
agricultural sector led to stagnation of food production and increasing food 
prices, the latter driven by population growth rates of three percent and 
greater. Appropriate investment in infrastructures and human capital has led 
to technological change that in turn has provided one means of escaping this 
trap. 
1.1.2 Agricultural linkages in a developing economy 
Policies that have discriminated against agriculture are now seen to be 
at the heart of many of the economic crises facing poor countries, leading to 
slow growth in non-farm employment, compounded by migration to urban areas. 
At the same time the agricultural sector lacks investment, has stagnant 
productivity, and a weak system of research and extension. The increased and 
changing demand for food from urban areas combined with slow growth in 
domestic output has increased the demand for food imports and subsidies. 
These place added demands on scarce supplies of foreign exchange and on 
government budgets, adding further to the disequilibria in both the internal 
and external accounts. Thus, the ramifications of poor agricultural 
y performance become widespread, serious, and self-reinforcing. 
i- 
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The converse holds where a productive and growing agriculture has 
favorable effects through the linkages with the rest of the economy. When 
agricultural growth is based simply on using greater quantities of traditional 
inputs (land and labor) little surplus is generated to improve incomes of 
rural people or to be transferred to the non-farm sector. Similarly, little 
surplus is generated by reorganizing existing resources within farms or 
comnit ies . Only if the constraints to growth are relieved by new factors of 
higher inherent productivity can agriculture become a major source of growth 
in a modernizing economy. 
A growing agriculture provides the food necessary to support higher 
employment in the non-farm sector. Furthermore, it provides additional rural 
employment directly by expanding output. Even more important, however, is the 
indirect employment effect of the consumption expenditures arising from new 
income streams. Much of that expenditure is directed toward labor-intensive, 
local goods and services. The increased employment of low-income laborers 
raises the demand for food, as they spend a large share of additional earnings 
on food. A self-sustaining cycle of economic growth becomes possible. The 
crucial element, however, is technological change which releases agriculture 
from its existing constraints and generates new income streams. 
In such a process, the contribution of land and physical labor will 
decline in importance. Investments to enhance the quality of physical and 
human capital, together with technological change, become key elements in 
determining the rate and path of agricultural growth. Nations face complex 
and difficult choices on the thorny path of the development process. 
Increasingly, they have seen “top-down” “packaged” methods fail, and many are 
tending towards more broadly-based participatory approaches to involve more9 
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especially the less well off, of their people in the process. International 
assistance too has often been “top-down” , and it is in this changing and 
difficult environment that the international agricultural research centers 
must seek to make their contribution to the development process. 
1.1.3 Food production 
Over the past two 
increased at over three 
decades, production of cereals, oilseeds and meat have 
percent a year in the developing countries, output of 
milk has increased at over two percent a year* output of roots and tubers has 
increased at about two percent, and output of food legumes was nearly stagnant 
(Figure 1.1). Cereals make the largest contribution to food energy and 
protein, and their growth has been rapid enough to keep food production 
increasing more rapidly than population in most developing countries. Root 
and tuber production in the developing countries is estimated (probably 
conservatively) to be around 350 Mt while cereal production is 810 Mt ,(for 
1983): Meat, oilseeds and food legumes all contribute less than 50 Mt per 
year, but make a more than.proportionate contribution to diet because of their 
high protein and oil content. Milk, also high in nutrients, provides nearly 
150 Mt to food per year. 
This record of production of major food crops enabled the developing 
countries to keep narrowly ahead of population growth so that, in global 
terms, per capita production increased slightly. With generally declining 
population growth rates, and increasing attention to agriculture, there are 
good prospects that food production will continue to exceed population growth 
in developing countries as a whole. 
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Figure 1.1 
Averuge annual food production in all developitig countries, 1961 TO 1983. 
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This general picture hides a good deal of regional heterogeneity that is 
illustrated in Table 1.1. Between 1961-65 and 1979-83 cereal production 
increased at between 1.5 and 4.6 percent annually across the major developing’ 
regions, with the slowest rate in Africa and the fastest in China. Root and 
tuber production increased at between 1.0 and 5.7 percent annually, with the 
slowest growth rate in Latin American and the fastest in India. The other 
major commodities have an equally mixed picture but the African record in food 
legumes (2.7 percent annually1 is notable. 
The six geographic areas for which data are shown in Table 1.1 are 
roughly comparable in the area devoted to cereals , each having from 50 to 100 
mill ion ha. Yields range widely around the recent average of 1.9 t/ha, 
however, from a low of 0.85 t/ha in Africa to a high of 3.2 t/ha in China. In 
most cases* the regions that had rapid growth of output did so mainly because 
of increases in yields. 
Even more striking than the rise in production is the rise in 
consumption and the concomitant increase in food imports. Developing 
countries, especially those with rapidly growing populations, continue to 
become increasingly dependent on imported food. The goal of self-sufficiency 
in food so widely promulgated in the 1970s will prove increasingly elusive for 
many countries. In fact, there has been an extraordinary growth in food 
exports from industrial to developing nations. Countries with rapid growth in 
urban populations fueled by migration from stagnant agriculture have had the 
most marked rise in imports. Inevitably, food imports by much of the 
developing world must continue to rise over the foreseeable fiture. Scarcity 
of foreign exchange to finance these imports means that much of the developing 
world will continue to face obligations to increase food production. 
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Table 1.1 Area, yield and annual production growth rate of major foods in 
principal regions of the developing world, 1961-65 to 1979-83. 
'4 
Area Yield Growth rate of 
% 
G 
(million ha) (t/ha) production 
1961-65 1979-85 1961-65 1979-83 1961-65 to 1979-83 
'5 
Africa 48.2 57.1 0.77 0.35 1.5 
China 90.4 92.8 1.48 3.24 4.6 
India 95.i 104.1 0.94 1.38 2.8 
Other developing Asia 50.2 62.4 1.50 2.21 3.4 
Latin America 39.9 51.2 1.33 1.88 3.3 
Middle East/North Africa 40.8 47.3 1.04 1.35 2.3 
All developing countries 365.1 417.5 1.22 1.94 3.4 
Africa 8.9 12.2 6.1 6.8 2.3 
China 11.8 10.2 9.1 14.1 1.6 
India 0.8 1.3 7.8 12.9 5.7 
Other developing Asia 3.1 3.9 7.6 10.7 3.1 
Latin America 3.6 4.3 10.3 10.3 1.0 
Middle East/North Africa 0.4 0.6 9.4 13.4 5.0 
All developing countries 29.5 33.8 8.2 10.3 2.0 
Africa 6.1 9.8 0.4 0.4 2.7 
China 16.0 11.4 0.8 1.1 0 
India 19.4 20.6 0.5 0.5 0.4 
Other developing Asia 2.3 2.7 0.2 0.4 0.6 
Latin America 6.2 8.4 0.6 1.0 1.4 
Middle East/North Africa 1.3 1.8 1.0 1.0 2.2 
All developing countries 41.5 45.8 0.6 0.6 0.4 
Cereals 
Roots and tubers 
Food legumesa 
‘7 
.a 
W 
‘3 
a/ Total of dry beans, broad beans, chickpeas, cowpeas, pigeonpeas, lentils 
Source: FAO data base ‘2 
-- 
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Furthermore, rising incomes are continuously shifting the pattern of demand 
toward more livestock products so that both the level and mix of output must 
respond. Increased demand for livestock products adds to the increases in 
food and feed imports. These issues related to international trade are taken 
. . 
up in more detail in section 1.4. 
1 i 
1.1.4 The role of research 
Agricultural innovation, through a process of trial and error by 
i . producers, has proceeded since the very inception of attempts at deliberate 
livestock and crop production. What is now thought of as the modernization of 
agriculture is little more than a century old, and the most rapid gains have 
f been in the past five decades. During this time grain yields in industrial 
market economies have more than trebled. However, although cereal yields in 
1934-38 were identical in the industrial and developing countries (at about 
1.1 t/ha), yields today in the industrial market economies are about 1.5 t/ha, 
are 1.9 t/ha in all developing countries while in the industrial countries 
they stand at 2.6 t/ha. The current patterns of food trade are in part a 
consequence of the more rapid improvements in the efficiency of basic food 
production that have characterized the agricultural sectors of industrial 
countries. 
While this striking difference in agricultural productivity is due to 
the complex interaction of many political, economic and ecological. elements, 
i it is clear that a significant part can be attributed to investment in human 
capital, especially in research. Gains in productivity are not a happenstance _ 
event, but reflect, in large part the conscious decision to generate 
technological change’through investment in research. The capacity to develop 
technology that is consistent with the economic and social circumstances of a 
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country is a major factor explaining the wide , and widening, differences in 
agricultural productivity between regions and among nations. Other factors 
include the on-going and important contributions of innovative farmers and 
other non-research pioneers of improved technology. 
. 
Gains in productivity areV in some minds, synonymous with increased 
yields per hectare but, to a farmer, reduction in the use of an input with no 
sacrifice in output is a gain in productivity. Productivity also increases 
when a reduction in the use of one input is accompanied by an increase in.the 
use of some other in such a way that the cost per unit of output falls. This 
has been the basis of the productivity gains of the United States, Japan and 
W. Europe over the’past century. They had quite different patterns of 
productivity gains, however, a5 is illustrated by the data on output per 
hectare and output per worker presented in Figure 1.2. 
The United States experienced rapid gains in output per worker. Between 
1880 and 1980, output per worker increased by a factor of over twenty. Over 
the same period output per worker in Japan increased by a factor of 15, but it 
remained, in 1980, at just twice the 1880 level of the US. On the other hand, 
output per hectare increased nearly 14 t/ha of wheat equivalents in Japan 
while increasing to only around 1 t/ha in the United States during the same 
period. Patterns were intermediate in Denmark, France and the United Kingdom. 
All these countries have had varying but substantial productivity gains in 
their agricultural sectors, but with considerably different patterns of growth 
in output per hectare and output per worker. 
The initial work of the CGIAR centers and their partners produced 
technologies that raised yield per hectare in a limited range of environments 
:t 
.L 
c 
‘5 
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Productivity per worker and er hectare in five indilstrial countries, 
1890 and 1980 Hayami and- Ruttan, 1985) e 
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where land was the relatively scarce factor. Yield per hectare became, and 
remains, a quick and easy index of agricultural progress, but there are 
serious limitations to its use. Land is not the critical limiting resource, 
all areas. In much of the developing world, technologies that save land’are 
not necessarily the most appropriate. There are wide differences among 
countries, both within a crop and between crops; what was relevant in one 
place or at one time is not necessarily relevant for other times and 
circumstances. It would be fallacious to judge the activities of the centers 
and their partners only according to this criterion. Increases in yield per 
hectare in themselves are much less crucial for extensive livestock 
production, for shifting agriculture, for rice in rainfed areas of Latin 
America, cassava in much of Africa, and potato production in the Andes. 
Increases in total factor productivity and, in particular, labor productivity 
are in such cases more relevant indicators of successful technological change. 
This issues is returned to in section 7.3.2. 
The products of research may, furthermore, be relevant for improving 
yield stability and for allowing more intensive production by shortening the 
growing season. They may also help to extend the domain of the crop to areas ; 
previously unsuited because of diseases or growing conditions. In such cases, a- 
yield per hectare will not necessarily rise, despite the successful generation 4 
and diffusion of new technology. ‘. 
These conceptual points are intended to emphasize the difference between 
productivity gains and yield (per hectare) gains. Although yield is reported 
extensively herein as an index of productivity, it is an imperfect one. It is 
used simply because of the unavailability of data necessary for constructing 
more comprehensive indices. One early observation in this study was the 
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extreme scarcity of alternative measures of partial productivity in both 
national statistical reports and in reporting of research results of the 
international centers. 
1.2 The Nature of Research 
1.2.1 Lags 
Expenditure for agricultural research is a form of investment because 
i real resources must be diverted from other forms of investment or from-current 
. 
consumption and the payoff of this investment is not realized for a 
3 
Q considerable period of time after the investment is made. 
There are two widely recognized lags involved. In the first place, time 
is required for the research itself. The length of the research lag will 
reflect the difficulty of the research challenge, the stock of knowledge 
available at the start of the work, the amount of resources devoted to the 
research in both human capital and physical facilities, the .amount of research 
s being undertaken in related fields, and the time required for the biological 
processes to occur not to mention an element of serendipity. Once research 
c 
-a 
findings are available, their payoff only comes after their incorporation into 
,: production systems. This second adoption lag will reflect the nature of the 
innovation and the goodness of its fit to farmers’ circumstances, the 
resources devoted to its promotion, the strength of the inherent demand for 
it, and the human and other capital levels of the potential users. Any new 
technology must be tried and evaluated, and the process of acquiring 
information about it may be costly and time consuming. 
h 
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It might also be observed that there are two further antecedent lags 
that should be considered. First is the lag between the existence of an 
agricultural problem (production, consumption, institutional, etc.) and the 
recognition of the problem by the agricultural establishment, Second is the 
lag between the recognition of the existence of the problem and the commitment 
of resources to investment in agricultural research to find a solution. t 
C 
Studies in industrial countries have shown that the full impact of 
successful research typically comes some 8-10 years after its initiation. For 
livestock production it can be 13-15 years before the full effect of 
successful research occurs. 
‘5 
Q 
,L 
r 
These long lags imply the need for sustained research funding over 
lengthy periods. They also imply that a current increase or reduction in the ;G 
. level of investment will have little or no immediate impact. This sometimes 
creates an impression that research funding can be’cut, at least temporarily, 
with no real consequences. The argument is sometimes bolstered by reference 
to an existing stock of unused technologies that await only sufficient 
promotion to encourage their adoption. 
1.2.2 Risks 
As with all forms of investment, the fact that the returns to current 
expenditures accrue some time in the future tends to make research an 
uncertain venture. It is impossible to foresee with certainty what those 
future returns will be, or even to be sure that they will eventuate. The 
inherent riskiness also means that some projects will appear as failures or, 
at best, partial successes9 while others, with equal prior prospects, will 
. 
7 
a- 
4 
,c 
i 
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generate even greater than expected benefits. . 
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The presence of risk makes the evaluation of both past and future 
impacts a tenuous undertaking. When evaluating the impacts of past invest- 
w i 
i 
ment, attention is often focused on research for a commodity, or for a region, 
or on a particular project. This can lead to an inherent bias in which only 
the more productive projects are evaluated. In estimating future returns, 
some quantitative measure of the likelihood of success is necessaryI but is 
rarely sought or available. 
1.2.3 Return to investment 
‘j, 
Q Agricultural research projects in developing countries whose payoff has 
5 been examined, have shown high rates of return. Even discounting the inherent 
biases and allowing for methodological difficulties, the evidence supports the 
claim that, in general, research expenditure has constituted a productive 
investment. 
Results from several studies of research investment are summarized in 
J” Figure 1.3. The studies of aggregate research investment are perhaps the most 
interesting because they avoid some of the problems of concentrating on 
c 
-@ llsuccessfultl cases . In those aggregate studies, expenditures for all 
& agricultural research activities are included in the costs and the benefits 
are measured as the productivity gains of the entire agricultural sector. 
Research in the aggregate has evidently been quite productive. Wheat, rice 
.F 
: 
and maize research investments show similarly high returns. These data 
constitute those that were readily available and of seemingly acceptable 
quality. Doubtless, however, they represent selections of evaluations that 
their authors judged to be worthy of estimation which surely means that they 
are not representative of the universe of potential such estimates. It might - 
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RATES OF RETURN ON INVESTMENT IN AGRICULTURAL RESEARCH 
IN DEVELOPING COUNTRIES 
AGGREGATE AGRICUUURE RICE 
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ANNUAL INTERNAL RATE OF RETURN ANNUAL INTERNAL RATS: OF-RETURN 
be speculated that comparable data on African national programs or on other 
4 
_. 
p 
staple comodities would not appear so favorable to research. 
Knowing that the returns to selected projects have been high is perhaps 
reassuring, but it does not explain why the returns have been so variable, nor 
how the return should be partitioned between research investment at home and 
that undertaken elsewhere. Even more tantalizing has been the failure to 
explain the apparent persistent underinvestment in research. If the rates of 
return exceed the opportunity cost of capital by five or even ten times, 
increased investment and a falling rate of return over time could be 
anticipated. In fact, the recent increases in research expenditures in 
developing nations may be viewed partly as a response to the reported high 
rates of return (such as summarized in Figure 1.3). If soI it may be that 
future realized returns will be lower than for some of the earlier 
investments. Such would be the case if there were diminishing marginal 
returns to additional research and should not be taken necessarily to reflect 
less effective or less relevant research. 
Diminishing returns need not be a feature of research if it can be 
sufficiently imaginative in conception and dynamic in organization. If nature 
is, however, increasingly niggardly in revealing her secrets, it is 
conceivable that the return to investment in research in a particular field 
will decline over time. Having made the presumably easier discoveries first, 
the amount of new knowledge contributed from a given increase in research 
expenditures may become successively smaller. Alternatively stated, ever, 
increasing amounts of investment in research may be required to maintain the 
same rate of technological change through time. One explanation of why 
studies fail to show such a decline in returns to research is that increasing 
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basic knowledge continues to raise the returns to applied research in such a 
way that in total returns remain high. 
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It is difficult to predict the rewards of research but given the history 
of investment in quality organizations that are dynamic and responsive to 
emerging opportunities, it is reasonable to expect positive returns. Any 
tendency to diminishing marginal returns to research may be offset by advances 
in research methods. New breeding techniques, better instrumentation, 
advances in genetic engineering, expanded computing power, the introduction of 
satellite imagery, or new institutional arrangements for collaborative 
research, for example, all represent potential ways to maintain or increase 
the productivity of investment in research. The continual search for 
technological changes to improve the ways that research is conducted is a 
challenging task for those concerned to maintain the high rates of return to 
investments in research. 
1.2.4 Arguments for public support of research 
Excepting for work on agricultural chemicals and pharmaceuticals, 
organized agricultural research has been largely a public enterprise since its 
CH 1:8/13/ 
inception some 100 years ago. A number of key reasons are suggested for the 
willingness of the public to support research for agriculture while generally 
being unwilling to support industrial research to the same extent (Ruttan 
1982). First, the benefits generated by agricultural research products that 
can readily be reproduced biologically (like new crop varieties), cannot, in 
general, be captured by the inventor. Without the existence of plant patents 
and the ability to enforce them - both rare in the developing countries - 
seeds of new varieties can be multiplied by anyone and sold without 
compensating the inventor. An exception is the development of hybrids which 
15 
are the offspring of two or more pure inbred lines. Reproduction of the 
hybrid seed is impossible without access to the parents, and this encourages 
private investment in plant variety development. Plant patents do the same 
thing, but are difficult to enforce and even? in the United States in 1982, 
about 40 percent of the private plant breeding was on’ hybrid maize. 
Patentable horticultural crops attracted 20 percent of private plant breeding 
(Kalton and Richardson 1984). 
In general, 
single firm, some 
when research cannot be appropriated by an individual or a 
form of collective action is necessary to support the’ 
funding of research. This can take the form of producer organizations which 
levy their members and either conduct or fund research relevant to that 
industry. Colombian research in rice, sugar and coffee is supported in this 
manner. 
The second argument for publicly supporting research is that, because 
many countries protect their domestic markets from imports, the benefits 
generally flow from the agricultural sector to consumers in the form of lower 
food prices. In the case of countries where food prices are determined in the 
world market, it may be in the interest of producers to support research 
because they gain any benefit of lowered costs. It is also in their interests 
to prevent export of the research findings that may have generated such 
benefits. However, knowledge is difficult to monopolize and, if it lowers 
costs in one country, it will probably do so elsewhere, thereby reducing costs . 
generally.and eventually also world prices. 
A third argument is that there is a synergistic effect between education 
and research that benefits society in general, and therefore public univer- 
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sities engaged in teaching should also be involved in research. Still another 
argument of particular force for developing countries is that public 
investment in agricultural research contributes to maintaining or enhancing a 
competitive structure in the agricultural sector and that this benefits 
society at large. This argument encapsulates the wider ranging discussion of 
technological change and the role of the agricultural sector in development 
(section 1.1.1). 
1.2.5 External effects of research 
Research directed at a given commodity or region may produce results 
applicable to other crops or regions. There may thus be a tendency to spend 
too little on research because only some of the benefits accrue to the 
jurisdiction which finances the research. It is to be expected that groupings 
would emerge amongst regions or countries aimed at capturing these external 
effects within the taxing jurisdiction. In fact, this in part explains the 
emergence of regional collaborative research networks. The CGIAR system 
itself is an institutional innovation arising in part through such external 
effects. 
1.3 Rate and Direction of Technological Change 
1.3.1 A mixed record 
The pattern of productivity growth in agriculture has been quite uneven. 
Some nations, regions or commodities have experienced sustained rises in 
productivity, while little or no progress has been made in others, at least in 
recent decades. Over the past two decades, for example, yields of maize have 
risen in Brazil and Argentina, but changed little in the Andean zone; rice 
yields rose in Colombia but not in Brazil; potatoes yields rose in Mexico but 
. . 
‘. 
/ 
s 
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scarcely at all in Peru. Table 1.2 shows the pattern of yield changes in some 
important crops in the countries in which Country Case Studies were launched. 
In Africa, rice yields were stagnant except in Cameroon and Nigeria, 
maize yields were stagnant except in Burkina Faso, Malawi and Zimbabwe and 
potato yield increased only in Tanzania. In Asia, rice yield increased in 
every country except Thailand and Nepal, but maize yields increased only in 
Indonesia, China and Burma. Potato yields increased dramatically in China and 
less in other countries. In Latin America, rice yields have increased in 
Chile, Colombia, Costa Rica and Mexico, maize yields have increased in every 
country, sorghum yields have been stagnant, and potato yields have increased 
modestly in every country except Cuba where the increase was dramatic. 
What are the key factors which explain this disparate and fragmented 
pattern of innovation and modernization ?. Knowledge of answers to questions 
such as this would contribute to more enlightened debates about the role of 
international research and the associated transfer of technology, about the 
past performance of the investment in international research, and about 
expectations for future contributions. 
The literature both in the social and technical sciences contains many 
references to the uneven progress. Some cite the varying strength and quality 
of national research systems; others the wide differences in the stock of 
knowledge about different crops and animals. Some argue that the research 
systems have produced technologies relevant to some but not other 
circumstances, whether such biases be accidental or the result of conscious 
decisions. If they were so consciously chosen, did that reflect the relative 
political power of some group to influence the rate and direction of research 
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Table 1.2 Yield of sane principal cropa in selected countiesb (t/ha) 
Rice sorghum Potato 
1969-71 1979-81 1969-71 1979-81 1969-71 1979-81 1969-71 1979-81 
-Africa 
Burkina Faso 
CErmeram 
Ethiopia 
1.36 1.37 
0.88 0.81 
0.81 1.98 
4.50 
1.00 
1.29 
1.30 
1.19 
4.50 
0.93 
1.99 
1.21 
1.35 
1.00 1.00 
0.65 1.01 
1.15 0.86 
1.07 1.03 
1.49 1.56 
1.03 1.22 
0.87 0.90 
0.81 0.82 
0.81 0.62 
1.49 1.70 
Bangladesh 
1.84 2.19 1.11 1.27 
1.68 1.98 1.00 0.50 
1.71 2.55 0.62 1.24 
3.29 4.23 2.03 3.01 
1.67 1.89 1.05 1.11 
2.35 3.32 0.97 1.43 
1.94 1.83 1.81 1.49 
1.66 2.20 0.81 0.95 
1.95 1.94 2.57 2.12 
Iatinlinerh 1.71 1.94 1.43 1.82 
Brazil 1.43 1.44 1.37 1.69 
Chile 2.61 3.16 3.10 3.80 
colonbia 2.91 4.35 1.25 1.38 
Costa Rica 2.00 2.72 1.12 1.61 
chba 1.88 3.13 0.85 1.24 
Ecuador 3.00 2.99 0.77 1.05 
(h?mmda 4.09 4.17 1.12 1.54 
P4?dW 2.57 3.47 1.22 1.71 
NiCaUgWl* 2.96 2.16 0.92 1.10 
Fkru 4.15 4.46 1.62 1.81 
3.71 4.35 
5.27 5.63 
2.33 2.61 
3.74 3.85 
1.33 2.24 
0.66 
0.50 
0.87 
1.07 
0.73 
0.65 
0.50 
0.36 
0.49 
1.00 
1.59 
0.48 
0.67 
0.65 
0.91 
0.99 
0.97 
0.63 
0.63 
0.65 
0.70 
l.cxI 
2.43 
0.70 
2.73 
2.03 
2.00 
2.39 
1.83 
1.00 
0.92 
1.02 
1.29 
2.70 
2.13 
2.22 
2.10 
1.00 
11.91 
1.55 
1.21 
0.81 0.79 
0.54 
1.40 
0.42 
6.25 6.99 
2.70 1.79 
5.37 6.15 
7.10 7.47 
3.40 3.56 
3.85 5.60 
4.00 5.00 
3.85 5.60 
11.00 11.33 
8.89 11.63 
9.91 9.58 
4.44 4.76 
9.25 40.62 
8.95 12.58 
6.19 9.39 
5.41 5.55 
7.33 8.00 
9.00 7.00~ 
8.48 10.48 
7.28 10.81 
9.30 10.31 
10.37 12.87 
9.00 9.11 
9.22 18.35 
10.53 12.55 
4.00 4.06 
10.63 12.82 
6.41 7.52 
12.21 14.47 
16.53 17.37 
12.40 15.57 
7.67 11.53 
a Source: FAO data base. 
b ‘Ike camtires wxe chcsen for duct of kuntry &se Studies (daboratd in Part II) Iut 
it vas not pcdble to canplete thz L-AC satisfactorily in dl cases (asterisked). 
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in its favor? Or was it that, for some areas and crops, it was easier to 
achieve more rapid improvements through research than in others? Still others 
i. i focus on the wide disparities in economic climates. They argue that, 
regardless of the relevance of the research results, the farmers’ incentive to 
f innovate has been so dulled by distortions in prices that poor productivity 
growth is a predictable consequence of unfavorable, discriminating policies. 
They contend that, where those policies have been favorable the derived demand 
for technical change has created a supply of innovations. 
*: 
. 
To respond to these questions is difficult in the absence of a structure 
which relates the technological issues to the broader political and social 
context that both constrains and determines them. Some elements of such a 
structure are identified in following sections and chapters but, in the 
context of the study, are dealt with most comprehensively in a companion paper 
by de Janvry and Dethier (19851, 
1.3.2 The generation of new technology 
Many national research programs were created in the 1950s and 1960~~ 
partly in response to the pressures arising from industrialization. Growing 
*I 
:a. 
urban populations and the need to hold down industrial labor costs created a 
need for increased food supplies. These’pressures were reinforced by 
stagnating output as the agricultural sector responded predictably to the 
-- I heavy implicit taxation of the policies. Public investment in agricultural 
research was supported by non-farm interests, Public research systems had in 
large part a monopoly on the generation of agricultural technology. As the 
possibility for expanding output by increasing the area cultivated became more 
and more limited in many countries, attention was focused on increasing the 
, 
i: 
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productivity of existing land in order to produce more food, adding to the 
impetus for investment in research. 
The economic gain that a particular group expects to derive from new 
technologies is a key factor in explaining the demand for change. The 
particular structure of production and the nature and importance of the 
commodity will determine how these demands are actually transformed into the 
supply of new technologies and institutions. 
As wheat and rice were so important in the diets of so many people in 
developing countries, national research efforts were initially concentrated on 
them; furthermore, they were the first crops for which a formal international 
research system was evolved. Because the more important food crops were 
produced in areas of increasing land scarcity. the research focused on 
producing new technology which raised output per hectare. These areas were 
more densely settled and were better serviced by roads and markets needed to 
supply inputs, and take up and process the output. The cost per farm of 
supplying information about new technology is lower in densely settled, 
- . . 
relatively homogenous areas. The costs of the research also tend to be lower 
in more homogenous areas* as fewer cycles are needed to test and validate new 
technology for zones that have less variable climatic and soil conditions. 
In summary9 the combination of both the demand and the supply forces led 
to yield gainsin major food crops in favored environments. For those crops 
in other environments, and for less important crops* neither the forces of 
supply of nor demand for technological change were so propitious. This meant 
that subsequent attention of international centers to other crops and areas 
has not necessarily been backed by the same indigenous forces which favored 
-- dl . 
:L 
’ 
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the earlier advances. Attanpting to generate high yielding technologies for 
other crops and ecologies is not necessarily an appropriate strategy. For 
instance, relative factor scarcities in Africa differ markedly from those of 
Asia. For while relative land scarcities in Asia required new technologies 
that raised productivity per unit of land (e.g., seed and planting materials), 
land-surplus Africa with its high set of farm wages requires increases in 
productivity per unit of labor. This implies that, for the concerned, usually 
newer, international centers, there is a demand for new technologies that 
address relative factor scarcities that are different from those-tackled by 
the first generation of centers. 
Modernization of agriculture implies an increased role for purchased 
ihputs and services. Their rise in importance relative to land and labor has 
characterized agricultural advances wherever they have occurred. This 
phenomenon is illustrated by the data in Table 1.3 which show the use of 
inputs for agricultural production in the major developing areas of the world. 
Land and labor in agriculture have increased rapidly in Africa and other 
developing Asia but have increased more slowly in China. Fertilizer use has 
E- 
.a 
increased extremely rapidly in Asia, but much less rapidly in Africa. Other 
inputs have had intermediate rates of change. These changes in inputs reflect 
changes in both the conditions of agricultural production and the availability 
of the inputs. 
In the period prior to the Second World War, institutional changes which 
i 
led to new research were often induced in response to specific crises such as 
a disease (in Colombian sugar) or changes in export markets (rubber). The 
widespread effort to industrialize in the post-war period created sane demands 
for modernization of the agricultural sector. Growth of output was needed to 
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Table 1.3 Use of major inputs in agricultural production in developing country regions 
1960s and 1980s .$ 
Region Year Landa Labor= Fertilizer Draft Animalsd Machinery" e 
'000 ha ' 000 rooo t ' 000 ' 000 
China 1969-71 102.2 ‘268.3 4.3 93.1 0.144 =. 
1980 99.2 276.5 12.8 95.5 0.766 
India 1969-71 164.7 153.8 1.9 236.8 
1980 169.1 165.9 5.0 246.5 
Other developing 1969-71 102.9 126.9 3.0 115.8 
Asiab/ 1980 111.5 142.8 7.5 133.8 - 
Middle East and 
North Africa 
1969-71 84.6 31.8 1.1 60.7 
1980 87.3 34.9 3.0 72.7 0.645 
Sub-Saharan 
Africa 
Latin America 
1969-71 139.5 87.6 1.7 147.2 
1980 150.2 100.8 1.2 162.1 
'r: 
0.165 
0.226 
1969-71 146.4 36.5 
1980 162.1 39.0 
2.9 
6.8 
255.2 0.725 
305.5 1.012 
All developing 1969-71 741.5 706.2 13.3 909.3 1.463 
countries 1980 780.6 759.4 34.2 1016.7 3.305 .' 
Source: FAO Production Yearbook 1981 and FAO Fertilizer Yearbook. 
t Arable and permanent crop land. 
FAO's categories of Far East plus Asian CPE less India and China. 
C Economically active population in agriculture but not that national data generally 
not include non-market agricult.ural labor of women and children and exclude a under 
part-time/periodic wage work of women in agriculture. 
d Horses, mules, asses, cattle, buffalo and camels. 
e Number of agricultural tractors plus harvesters and threshers in use. 
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provide food for an expanding non-farm population and to generate foreign 
exchange receipts to pay for the capital goods and raw materials needed for 
the industrial sector. National research programs were formed, reorganized 
and strengthened, with political support drawn from the industrial and 
comercial interests. The national programs played an important role as 
i- , 
technological “converters” who facilitated the testing, adoption and 
dissemination of technologies available internationally. The early work of 
the centers fitted well with this model. In the past decade, however, some of 
these programs have failed to receive sustained and effective support from 
e 
often increasingly hard-pressed governments. 
?- The use of purchased inputs leads to a potentially greater role for 
private research and development and for the development and consolidation of 
corporate producer organizations. These groups will tend to assume more 
control over the generation of technological.change as a larger share of the 
$ benefits is able to be directly appropriated. With various research groups 
competing for resourcesI the role of public.agencies diminishes as inter- 
national, private and producer organizations assume greater importance. 
-a 
National programs tend to become weaker in these circumstances as their *: 
priorities and clientele change. Their staffs are attracted away to employ- 
ment by the private sector and international agencies. Whereas the early 
collaborative efforts of the centers were almost exclusively with public 
research agencies, the modernization of agriculture leads to a more fragmented 
and diverse institutional setting. This requires that the centers form wider 
and different collaborative arrangements with university consortia, with 
P 
development corporations, with seed and feed companies and other private 
firms, and with producer associations. The generation of new technology takes 
place in a multiorganizational structure in which the public agencies are only 
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one part. At the same time, however, the increasing importance of market 
mechanisms for the orientation of technological change leaves certain groups 
of producers successively more isolated from the dynamic part of the sector. 
When these social classes are too weak to mobilize and coordinate government 
action in their favor, their potential demand for technological change is not 
translated into an actual demand for research. Public agencies often - but 
probably too rarely - assume a mandate for a broadly-based approach to rural 
development in which improvement in social welfare becomes an important goal, 
and the generation and diffusion of new technology together constitute only 
one instrument for its attainment. 
This continued evolution of the institutional structure of research 
means that the international centers must continually seek new and improved 
ways to collaborate with national systems in training, and in generating and 
diffusing new technology. When those linkages are in harmony with indigenous 
forces that generate the demand for and supply of new technologies, they will 
be more productive and less prone to rejection as “foreign transplants”. 
Efforts by centers that are not in harmony with those forces will fail as 
surely as those that ignore the ecological or economic circumstances. As 
Chambers ( 1985 1 persuasively argues V effective harmony can be pursued most 
expeditiously by agricultural researchers, both national and international, 
“putting the last first”, that is by developing structures and working styles 
through which research workers can learn from , and address the most pressing 
needs of, the resource-poor farmers of developing countries. 
-i 
.a.. 
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1.4 The Consequences of Technological 
Change for Internat ional Trade 
International trade issues have been only briefly addressed in the 
i; 
-= 
preceding section so it is appropriate, before proceeding to broad discussion 
of impact assessment, to ask: what has been the impact of technological 
change on trade in basic foodstuffs? In this section, it is argued that there 
is not a meaningful, simple answer to this question. Trade and technology are 
‘1. inextricably linked, each influencing the other through a host of direct and 
indirect mechanisms. Only by placing the issues in a broader context of 
economic development can a proper perspective be achieved. 
r 
1.4.1 Background 
For at least three decades starting in the 1930s, strong doubts were 
expressed about the role of trade in agricultural products as a development 
strategy. It was argued that, by their very nature, the demands for the 
agricultural exports of poor countries were both limited and likely to shrink 
over time. Simultaneously, the real cost of acquiring manufactured imports 
would rise, so that fewer units could be bought for a given quantity of 
exports. Given these circumstances, it was thought that the role of 
agricultural trade should be minimized. 
A large number of countries gained independence in the 1950s and 1960s. 
Many had depended heavily on agricultural exports during colonial rule, and 
nationalistic pressure lead to a decline in the importance of these exports, 
i in part as a rejection of colonial economic structures. Further impetus to 
this decline was added by the claim that poor countries were exploited in 
their trading relationships with the industrial world. Much of the impetus 
for the new international economic order arose from that view. Some of the 
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changes that were proposed were aimed at altering the nature of the 
international trading relationships. 
During the 19708, there was increased volatility in the prices of traded 
agricultural goods. Many countries expressed the need to place greater 
emphasis on domestic supplies so as to lessen their dependence on world 
markets. 
As a consequence -of all these forces , there has been heightened interest 
in the impact of technological change. Can, or does, increased domestic 
output reduce the dependence of a country in imports for its supply of basic 
foods? Behind this question is the belief that, as poor countries are 
chronically short of foreign exchange, a decline in food imports would release 
foreign exchange for other essential imports. In this way, the new 
technologies would contribute to overal 1 econaaic development. Like all 
simple propositions, this is both superficially plausible and contains a germ 
of truth. However, the picture is much more complicated, and demands a 
broader approach. Before proceeding to that, the actual record is examined. 
1.4.2 The record 
There has been a remarkable growth of food transfers from industrial to 
developing countries. The demand for food has grown faster than product ion 
throughout the developing world, which is now importing three times more than . 
it did a decade ago (Table 1.4). This has occurred despite th-e adoption of 
new agricultural t ethnology , the spread of modern varieties and the growth in 
output they have engendered. Yields per hectare have risen at an annual 
average rate of nearly two percent in developing countries - a quite 
unprecedented result. In the late 196Os, net imports of basic food staples 
1. 
- 
a 
._ 0’ 
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Table 1.4 Net imports of basic food stapies of developing countries (Mt) 
Region 1968-70 1978-80 Change 
Asia 
North Africa, West Asia 
Sub-Saharan Africa 
Central America 
Upper South America 
+9.9 +7.7 -2.2 
+4.2 +19.0 +14.8 
-0.3 +6.1 +6.4 
+1.1 +6.6 . +5.5 
+2.9 +9.9 +7.0 
Lower South America -8.7 
Total developing countries i9.0 
-12.9 
+36.3 
-4.2 " 
+27.3 
Source: Paulino and Mellor (1984). 
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were 2.4 percent of production in the developing countries, about 9 Mt of 
basic staples; by the end of the 1970s this had risen to seven percent, which 
was over 35 Mt, and today it is almost 10 percent. In aggregate, the spread 
of new technology has raised production, but the growth of consumption has 
been even faster. Imports as a share of consumption and in absolute terms are 
higher now than two decades ago. 
The aggregate pattern conceals marked regional differences, however; in 
Asia, absolute imports of basic food stuffs have declined slightly, and in 
lower S. America (Argentina, Uruguay and Chile) net exports continued .to rise. 
The biggest increase of imports came in N. Africa and W. Asia. This region, 
which includes several oil-exporting countries, accounts for over one half of 
-i 
the increase in developing country imports. Likewise, Central America, the 
Caribbean and upper S. America had a substantial rise in food imports. The 
smallest absolute increase came from Sub-Saharan Africa. This is of note, as 
popular cortxnent has focused extensively on the high food imports dependency of 
this region. Furthermore, its dependency is also the lowest 
terms. The ratio in basic food imports to total consumption 
the period 1978-80. This ratio is 10, 20 and 25 percent for 
in relative 
was computed for 
Sub-Saharan 
Africa, Central America and upper S. America, and N. Africa and W. Asia, 
respectively. While it is true that imports by Sub-Saharan Africa have 
continued to rise in the 198Os, these rankings remain unaltered. 
The pattern of wheat trade has changed over the past two decades. as is 
shown in Table 1.5. With the spread of semi-dwarf varieties, the level and 
share of wheat imports into tropical countries and by the Middle East and N. 
Africa now account for 60 percent of total developing country wheat imports. 
-. 
-= 0’ 
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Some of the details of the changing pattern of rice trade are given in 
Table 1.6. The volume of world trade ha6 almost doubled in the past 25 years. 
A number of- traditional exporters (China, Pakistan and Thailand) .have 
increased their export6 signif icantlp. Japan ha6 become a net exporter as 6 
result of high levels of protection, and the U.S.A ha8 more than doubled its 
.1- 
s exports. 
While total import8 in monsoon Asia remained constant, import8 of rice 
by Bangladesh, India and Sri Lanka, Malaysia and the Philippine8 fell 
appr ec iab 1 y . More recently; ‘Indonesian import8 have also declined. In all 
these areas, the spread of modern semi-dwarf rice6 ha6 been significant. In 
contrast, rice imports by the Middle East and Sub-Saharan African,countries 
have continued to rise. 
1.4.3 Determinant6 of increased import8 
Why have the relativk and absolute level6 of basic food imports risen in 
all developing regions outside Asia and lower S. America? 
There are a number of reasons. First, population increase alone in some 
region6 has outstripped the growth of output, and to prevent at least some of 
the decline in consumption per person, imports have risen. 
The impact of new varieties, while leading to expanded production, may 
sometimes have little or no impact on import8 or exports. The growth in 
population can be such as to absorb the entire increase in output with no 
change in tra,ded volumes. Such was the case of rice in Colombia where, 
despite a truly spectacular rise in output following the introduction of 
modern rice varieties, there was no significant change in trade. All the 
additional rice was consumed domestically. Presumably, in the absence of the _ 
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Table 1.5 Changing pattern of wheat imports by developing countries 
1961-65 1970-72 1978-80 
-7 
Mt 
Total imports 24 29 52 
P 
percent .' 
Shares: India, Bangladesh, Pakistan 25 11 5 ?- 
Tropical countries 22 31 28 
Middle East/North Africa 19 25 31 
Source: CIMMYT (1983). 
Table 1.6 Changing patterns of rice trade (Mt) 
Country Annual average net volume of rice trade 
1961-63 1978-80 
i 
Rice exporters 
China (PR) 0.56 1.15 
Korea (DPR) 0. 0.31 
Pakistan 0.22 1.01 
Taiwan 0.01 0.30 
Thailand 1.42 2.32 
Japan -0.18 2.32 
Total Asia 4.18 5.98 
World Total 6.77 11.26 
Rice importers 
Bangladesh 0.48 0.28 
India 0.42 -0.35 
Korea (Republic of) 0. 0.34 
Sri Lanka, Malaysia and Philippine6 0.86 0.32 
Total monsoon Asia 3.30 3.30 
Middle East 0.31 1.75 
Sub-Saharan Africa 0.44 1.82 
Source: Siamwalla and Haykin (1983). 
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new varieties, a slower growth of domestic output would have caused internal 
prices to rise, and substantial imports may well have been needed to hold down 
prices. 
Second, the prevalence of new national independence has altered the 
nature of the internal political forces which, when combined with structural 
changes in the economy and greater urbanization, has increased the demand for 
food. Again, in the absence of sufficient growth of domestic output, imports 
have assumed increasing. importance. : 
Third, the rise in imports is a logical consequence of the continued 
long-term decline in world prices for some commodities. These prices have 
been influenced by technological change, by domestic policies and by 
internat ional arrangements. For example, W. Europe.‘s high protection of 
domestic agriculture increases the supply of poultry meat and dairy products 
on world markets, and provides developing countries with the opportunity to 
acquire additional food at lower real costs. 
Long-term changes in relative prices alter the trading opportunities as 
s: l is illustrated by the case of rice and wheat. About 1920, the world prices 
per ton for rice and wheat were approximately the same. By the 1960s. rice 
prices were double those of wheat. Today, they are roughly three times as 
high, although some of this “advantage” for -wheat is lost when account is 
taken of further processing cost. Shifts in both the demand and supply 
explain this widening gap. Wheat output has grown more rapidly than rice over 
the past four decades, increasing the supply of wheat relative to rice. At 
the same time, population and income effects have increased the demand for 
rice relative to wheat in the rice areas of the world. China has, with due 
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regard to domestic costs of transporting grains, regularly engaged in 
foodgrain arbitrage , exporting rice and importing relatively inexpensive 
wheat. Other countries, not traditional wheat producers, have also increased 
their imports of wheat relative to rice. While urbanization may explain some 
of this shift, increased wheat imports reflect both a lower absolute price and 
a marked fall in the world price of wheat relative to rice. 
Fourth, both the volume and value of food aid have declined over the 
past two decades, leading to the need for higher commercial imports by some 
developing countries. 
Finally, the rise in income per capita is probably the single most 
important force that has shaped the patterns of world food trade, and,it will 
probably assume an even greater role in the next decade. An expanded demand 
for food imports may arise in part from income growth generated by a 
successful modernization of agriculture; i.e., the spread of modern varieties 
of basic foods can generate additional income streams which create further 
demands for food. In short, a fast growth in food output in a developing 
country tends to generate further growth of imports of other foods. The 
relatively high rates of growth in food production in E. and S.E. Asia (4.3 
percent per year1 and Central America, including Mexico and the Caribbean (4.1 
percent per year1 are in areas where net food imports have also grown rapidly. 
N. Africa and the Middle East have also had high rates of imports generated by 
rapid rises in income. 
1.4.4 The demand for imported feed grains 
The rise in imports of livestock and feed grains is particularly marked. 
-7 
One way to capture this is to convert all livestock products to feed grain 
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equivalents, and then combine these with the trade in grain. These data are 
reported in Table 1.7. Two aspects are worthy of connnent. The value of trade 
has more than trebled; net imports have grown by five percent a year for 20 
years, and show no sign of decline. Second, significant changes in the 
pattern of trade have occurred. N. American and Australian exports together 
rose three fold, W. European imports fell as a consequence of protection to 
domestic producers and export subsidies. In all other regions. imports rose 
faster than production. This trend is almost certain to continue. 
In 1982, poultry consumption in developing countries was 10 Mt. 
Population and income growth will result in an annual increase of demand of at 
least six percent so that, over 10 years* total consumption will rise to 18 
Mt. Production of an additional 8 Mt of poultry meat would require 20 Mt of 
feed grains. Even if half of this were to come from domestic output, import 
requirements will still rise by 10 Mt per year to meet the growth in demand 
for poultry alone. Current feed grain imports of developing countries are 
about 14 Mt, so that major increases can be expected. 
c 
Major changes have taken place in the pattern of demand for grains, and 
this has led to corresponding changes in trade. Between 1961-65 and 1975-77 
the growth rates in direct consumption per capita for the major food staples 
in developing countries were over 2 percent annually for wheat, less than 0.5 
percent annually for rice, and negative for coarse grains, roots and tubers. 
The rise in imports and consumption of wheat is due to consumer subsidies, 
rising incomes, urbanization and lagging production of staples. For example, 
wheat output per capita has fallen in N. Africa, an area with the greatest 
growth in wheat imports. 
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Table 1.7 Net export of grains and equivalents from Livestock production 
CMt feed grain equivalent) 
Region 1960 1980 
North America 22.8 119.2 
Australia and New Zealand 15.7 28.4 
Latin America 10.3 24.3 
Western Europe -43.4 -27.4 
Japan -4.0 -32.7 
Eastern Europe and USSR 5.9 -47.2 
China 1.2 -5.9 
Other Asia -8.3 -28.3 
Africa 1.8 -7.5 
Total exports above 57.7 171.9 
Total imports above 55.7 149.0 
Annual carryover and statistical balance 2.0 22.9 
c 
._ 
l 
l .* 
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t 
While the use per capita of maize as a direct food grain has not changed 
over two decades, the demand for maize as a feed grain has continued to rise 
in developing countries. In the future, it is almost certain that the 
increasing demand for livestock products will lead to greatly increased demand 
for soybeans, maize and cassava as feedstuffs. This should provide a positive 
stimulus to domestic production in many countries. In others where the 
possibilities for growth in output are more limited, imports will continue to 
grow. The technology for the production of pork and poultry is both readily 
:; available and highly transferable, so that developing countries can readily 
acquire the imported technology for domestic production of these products, 
based on imported inputs. 
1.4.5 The influence of economic policy 
The domestic agricultural policies of both the industrial and developing 
countries have made the role of world trade smaller than it would have been in 
the absence of these interventions. At the same time, trade has been made . 
much more unstable. A country which depends on world markets for supplying a 
significant part of its food needs may be at a disadvantage. New agricultural 
technology can ease the process of increasing domestic production, reducing 
dependence on world markets, and lessening problems of food insecurity. 
Instability in world food markets is also transmitted to the non-farm sectors 
of the developing countries with forced reductions in imports of capital goods 
and industrial raw materials in order to maintain food imports. Improved 
productivity of domestic agriculture, along with other primary export 
industries, may thus also help to stabilize purchase of those imports 
necessary for stable growth and employment.in the non-fan sector. 
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The process of economic growth involves three key ingredients: 
technological change, investment in human and physical capital, and increasing 
dependence on purchased intermediate inputs. The income streams generated by 
economic growth are spent largely on consumer goods (e.g., textiles, radios), 
on building materials, and on foodstuffs (e.g., livestock products, vegetable 
oils, fruits and vegetables). Many countries will increase their imports of 
both consumer goods and of fertilizer, metals, machine parts, fuels, chemicals 
. and pesticides - and thus increase their dealings with the typically large 
multinational corporations that dominate some of these industries. Command 
over foreign exchange must continue to grow in order to sustain these imports. 
Often this is generated by .agricultural exports. If these are not adequate, 
they can act as a brake on economic growth. 
As economic growth proceeds, the structure of comparative advantage may 
well change. Increased industrialization and rising labor c,osts may raise the 
domestic resource costs and result in higher imports (or fewer exports). 
These dynamic changes in comparative advantage will result in changed trade 
patterns. Furthermore, changes in real exchange rates arising from both real 
and monetary forces impinge directly on trade in agricultural products. A 
strong U.S. dollar ‘will reduce the importance of U.S. exports in supplying 
food to developing countries, and stimulate production and trade in other 
countries which become more competitive as a result of a relative weakening of 
their currencies. What appear to be small changes in the relative prices of 
currencies have irsnediate and significant implications for the pattern of 
comparative advantage in agriculture. Thailand, Brazil, Ivory Coast, the 
Philippines and Malaysia are all examples of countries which at times have 
taken advantage of expanding world trade, exchange rate movements and 
technological changes to expand their crop exports. In contrast, for 
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examples, the poor performance of Mexico’s agricultural sector and its 
increased dependence on food imports’reflects in part the unfavorable 
incentives stemming from exchange rate policies. 
Successful economic growth in agrarian developing countries involves 
technological change as a necessary condition , and increased imports of inputs 
and also of agricultural products as a consequence. In short, the role of 
trade often expands, not lessens as a result of the successful development of 
5. new agricultural technology. 
. 
1.5 Assessing the Impact of Research 
1.5.1 Goals 
Within the CGIAR, it is evident, and indeed it is a stated objective, 
that a continuing review of the priorities related to the needs of developing 
countries is receiving, and will continue to’demand the Group’s most.critical 
attention, in order to enable it to adjust its support policies to changing 
needs. When there exists a unidimensional goal of increased output through 
the enhancement of agricultural productivity, the determination of priorities 
b l and research strategies is, at least conceptually, a relatively straight- forward matter. This assertion in no way diminishes the complexity of the 
task, when problems of determining the probabilities of success and the likely 
. . 
P 
lags involved are duly recognized. What is evident, however, is that when 
research is viewed as an instrument for achieving broader social objectives, 
the problem of the selection of appropriate strategies and weighting of 
x 
competing ends becomes vastly more difficult. Further, there can never exist 
a statement of objectives and priorities that in any sense is imtable. The 
very nature of technological change is that it disturbs existing productive 
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and economic relationships - should it fail to do so, would constitute a 
failure. 
A clear understanding of the goals of research is a prerequisite, not 
only for the efficient allocation of research resources9 but for any 
evaluation (ex post or ex ante) of the impact of the research. To begin to 
consider impact requires an answer to a question as basic as: “the impact of 
what on what?” Is it the impact of research on expanding the set of 
technologically feasible alternatives? Is it the impact of that new 
technology on enhanced agricultural output and productivity? Is it, in turn, 
the impact of greater productivity on economic growth? Is it the impact of 
research through improved productivity and economic growth on human welfare? 
Is welfare to be judged in terms of the distributional impact on incomes of 
producers and consumersI as well as (or in place of 1 aggregate real growth of 
incomes? 
_ 
The same set of questions can, of course, be posed in relation to 
assessing the past impact of the centers. For simplicity, however, it might 
be argued that it is merely the consequences of the technology that are being 
assessed, with no explicit statement of the past goals. But, it becomes 
difficult to divorce the mere examination of the consequences from implicit 
judgments about what the nature of the impact should have been. For example, 
if it is the case that the real wages of agricultural labor did not increase 
in regions experiencing rapid technological change, this could be viewed as a 
simple statement of the consequences. But there is a possibility that some 
will view the welfare of the landless as a primary goal, and who will hasten 3 
to point to any failure of the introduction of modern varieties to augment the 
incomes of this group. The “green revolution” in essence, has been a limited 
:* 
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number of new varieties of rice and wheat with enhanced capacity to utilize 
water and fertilizer. The expression is, however, perhaps an unfortunate one 
since the connotation of revolutionary change has spawned the expectation that 
new technology, generated through investment in research, represents a 
mainspring of balanced and equitable agricultural growth within the complex 
process of economic development - in short, an instrument with which to 
ameliorate social ills. 
1.5.2 Efficiency and equity 
Rates of return constitute a readily comprehended index of the social 
profitability of investment in research. When calculated for historical 
periods they answer the question: did the investment of scarce public funds 
generate a return greater than that which would have accompanied an 
alternative use of the resources ? With appropriate assumptions, a similar 
approach can yield estimates of the potential return to planned investment. 
Analyses of aggregate costs and benefits, appropriately discounted to 
reflect the lengthy lags involved, provide an encouraging background against 
which to foster the continued support of the international agricultural 
research enterprise, but they represent only one dimension of social 
accounting: that of economic efficiency. While it can be argued that such 
efficiency is a valid criterion against which to measure the social profita- 
bility of the use of scarce resourcesI it has become evident that it is not a 
universally sufficient yardstick, or perhaps even a necessary one. For more 
than a decade, explicit concern for welfare of the lower income groups has 
?: become an important and recurring theme in discussions of economic development 
and role of the international lending and donor cormrmnity. The international 
centers have been seeking to articulate their goals and philosophy to reflect 
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this concern. Roth in their mandates and in the structure of their research 
programs, evi,dence is found of the perceived need for technological change to 
address both efficiency and equity goals. The more traditional production- 
oriented philosophy has come under increasing need to place greater importance 
on the geographic and social distributional implications of technological 
progress in agriculture. More recently, the issue of food security has been 
added to the agenda of goals to which agricultural research might be 
addressed. The search for so-called “scale-neutral” technologies (or even 
technology biased for certain classes of producers), and the notion that there 
exists a “trade-off” between achieving maximal gains in agricultural 
productivity and real income gains for specified groups have permeated the 
discussions of investment in research to generate technological change. 
It should perhaps be stressed that the very impetus for the formation of 
the CGIAR was to encourage more research to assist developing nations increase 
the quantity and improve the quality of their agricultural outputs and thus 
raise living standards. That the system has chosen to direct its support to 
research on the basic food crops and livestock which comprise the diet of the 
majority of the population in the tropical zones strongly implies, in and of 
itself, a belief in the potential contribution of technological change to real 
income growth of the poorest of the poor. Food expenditures comprise such a 
large proportion of the total outlays of the lower income groups that it is 
virtually axiomatic that strategies aimed at lowering the real cost of 
foodstuffs will confer a disproportionate benefit on these groups. However, 
the force and simplicity of this argument is threatened as soon as recognition 
is given to the existence of low income producers as well as consumers, to the 
inequality in the ownership of productive resources, and to apparent 
. . 
a 
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imperfections in input markets , all of which can result in unequal access to 
the bounty of technological change. 
Clearly, research that leads to new production methods has economic and 
social implications. In fact, as noted, technical change in agriculture has 
historically been ar if not the, predominant force in the growth of real 
incomes. Without advancement in the productivity of agriculture, resources 
cannot be released from fulfilling the fundamental requirements of food and 
clothing. A better understanding of the linkages between technology, improved 
productivity, economic growth and, ultimately, human welfare, is a 
prerequisite for establishing realistic expectations, and hence goals, for the 
contribution of research. As soon as the planner ventures beyond the confines 
of a single objective such as “increasing rice yields” or “increasing, the 
output of cassavat I1 and adopts a mandate which includes “accelerating 
agricultural and economic development” or “improve the diets and welfare 
especially of producers and consumers with limited resources” an understanding 
is required of mechanisms whereby research, whose irsnediate product is simply 
new agricultural technology, can have an impact on these goals. Once the 
linkages are understood, the constraints can be identified and, for given 
priorities, the most, anticipated efficient research can be specified. 
Should the objectives also include raising the real incomes of small- 
scale producers of energy-intensive conznodities, there is the added 
complication that alternative research strategies may (and, generally, most 
surely will) have differential impacts on the two objectives. To overcome 
this a set of weights is needed that reflects the relative importance to be 
attached to each of the objectives and permits the formation of a single index 
or criterion against which alternative strategies can be evaluated. The CGIAR 
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has reached a consensus on the importance of generating new technology for a 
range of basic foodstuffs, and has continually sought out those areas of the 
research process for which there is greatest advantage from international 
support. With the mounting concern for investing in research that might 
!, r 
?; 
fulfill more specific distributional objectives, the Group has both the 
opportunity and the obligation to provide a forum for discussion and exchange 
of information among members in order to enhance the articulation of the 
ultimate goals of research. In all likelihood, the centers will be subject to 
continued questioning about the distributional consequences of their research 
strategies. If research goals are not clarified efforts to achieve the best 
use of the limited research resources may well be confounded if not 
frustrated. <xc 
The Panel of reviewers from the developing countries felt that the above 
discussion of efficiency and equity criteria did not go far enough. It 
counselled the inclusion of two additional criteria for the sake of 
camp let eness . First, it may be important to distinguish between explicit and 
implicit objectives of incremental food product ion. The political lesdership 
? ’ ‘b *‘/ 
in a developing country may seek new technology not necessarily to increase 
food production per se, but to increase marketed quantities and surpluses to l , 7 
satisfy the needs of the vocal and politically volatile urban minority. Some 1 I 
may seek to measure research impact in terms of such iPg1icit objectives as 
reduction in urban food riots, enhanced rural-urban social harxmny, reduced 
c, 
rural-urban migration and greater political stability, to mention a few. 1, 
Second, the explicitly stated objectives of research programs may not be the 
important one,s, viewed in national eyes. One cont.ender, for example, is the 
potential use of agricultural research for attaining food self-reliance and 
food self-sufficiency. .Self-reliance as a societal objective and aspiration 
L 
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is being increasingly used to set agricultural research priorities and many 
countries may come to view the relevance and the impact of the centers in 
terms of their contribution towards the realization of self-reliance. 
1.5.3 Multiple outputs 
The early efforts of the international centers were focused on inproved 
germplasm, and even today, this work forms the central part of the activities 
of most centers. But it is far from the only product of the centecs. Others 
relate to crop production and husbandry; crop harvesting , processing and 
distribution; and the provision of improved seed and techniques for rapid 
multiplication. Yet another set of products of the centers relates to their 
contributions toward increasing the capacity for research in national 
programs, the organization and management of research, the-training of 
researchers, the development of research techniques and the construct ion and 
management of experimental field sites. The research results from studies on 
food and agricultural policies that contribute to public debate and decision 
making are yet another dimension of the products of the system. As the system 
has grown, goals and activities have been added, making it difficult to 
associate activities of the centers with objectives in any simple manner. 
1.5.4 Collaboration 
The centers have never been conceived as independent entities but rather 
as parts of a linked, global system of agricultural research. They operate in 
collaboration with universities and leading public and private.research 
centers in both industrial and developing countries and in this way seme as 
committed intermediaries in channeling the results of fundamental research 
discoveries to partner institutions in the developing countries in which they 
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work. For this reason, the very notion of identifying the “impact of the 
centers” in isolation from that of their many partner institutions in 
agricultural advancement is something of a contradiction of a premise of their 
very existence. 
1.5.5 The counterfactual problem 
When endeavoring to assess the achievements of the centers it is 
necessary to speculate on what would have to come to pass in their absence. 
One means of avoiding this difficulty would be to argue that the centers must, 
by implication, have represented a better investment than alternative uses of 
funds. It might be held that rational donors seeking the maximal effect from 
scarce resources would support the centers only if they judged this to be the 
case. But such argument is inherently unsatisfactory. 
Certainly the funds have. other uses and could have been invested in many 
other ways - directly in bilateral assistance to national programs; indirectly 
through domestic research agencies which establish collaborative research in 
developing countries; or through regional research networks. The relevant 
comparison is then the world with centers versus the world as it would have 
been with one of these alternatives. But which one? There would surely be 
endless debate about the validity of any one or any arbitrary combination as a 
base for comparison. There seems to be no satisfactory answer to this 
problem, and the approach taken is not to dwell too much on any counterfactual 
assumptions about hypothetical possibilities, but rather to describe the 
process of the collaborative endeavors including the CGIAR centers and the 
significance of their achievements and potential. 
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1.5.6 This study 
In an effort to contribute to the needed debate, this report is focused 
on a review of the impact of technological change in agriculture, with 
specific reference to the contributions of the international centers’. By an 
examination of primarily past impacts, some insights should be gained as to 
the contribution of research to enhanced productivity, and to its economic 
consequences. 
A comprehensive view is sought. It is recognized that many expectations 
for the impact of the CGIAR centers are unrealistic. The centers cannot 
transform the agricultural research and agricultural production sectors of the 
scores of developing countries that seek such transformation; they can, 
however, contribute to the process. They cannot ensure ‘that the social and 
economic settings into which technologies are placed are such that the gains 
from technological advance accrue to those most in need of such improvement; 
they can, however, refrain from developing technologies that directly 
substitute for the services or inputs supplied by such groups in the 
production process. They do not have the leverage to induce developing 
countries to change economic or social policies that reduce the incentives for 
farmers to use new technologies that might result in lower food prices to 
consumers; they can, however, evaluate the likely consequences of alternative 
policies and bring these to a wide audience, 
Thus, the goals against which the CGIAR centers are measured in this 
z study are two: (a> to assist developing countries to improve their capacity 
to conduct relevant agricultural research, and (b) to contribute to increases 
. in food production and welfare through the results of their research 
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activities. The continuing ability of the centers to meet these goals in the 
future is a further concern in the study. 
In order to reflect the degree to which the centers have met the first 
goal, an examination is made of: what has happened to the agricultural 
research establishments of the developing countries, and how those 
developments may have been affected by the centers; the views of individuals 
in the developing countries who should be knowledgable about how the centers 
have contributed; the human resource development activities of the ‘c’enters, 
especially training; and the direct activities of centers in assisting 
countries with institutional development. 
The extent to which the centers have assisted increases in food 
production and welfare is reflected in data on the extent to which 
technologies or components of technologies developed by and with the centers 
have been accepted by countries and by farmers; the extent to which center 
research has provided evidence on the effects of economic and social policy on 
on food consumption; and evidence on the extent to which technologies toward 
which centers have contributed have benefited different groups in society. 
The extent to which the centers will have the ability to contribute on a 
continuing basis to meeting these goals is addressed through an examination of 
their performance in several fields that are thought to be central for future 
impact, including germplasm conversation and utilization, the matching of 
technologies to ecologies, the management or otherwise of agricultural pests, 
the development and management of tropical land, and biological nitrogen 
fixation. 
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1.6 Coda 
* Technological change in agriculture has been a mainspring of econcmic 
growth. Only if the constraints to growth are relieved by new factors 
higher inherent productivity will agriculture become a major source of 
growth in a modernizing economy. 
of 
* Between 1961-65 and 1979-83 cereal product ion increased at between 1.5 and 
4.6 percent annually across the major developing regions, with the slowest 
rate in Africa and the fsstest in China. Root and tuber production 
increased at between 1.0 and 5.7 percent annually, with the slowest growth 
rate in Latin America and the fastest in India. There are good prospects 
that food production will continue to exceed population growth in 
developing countries as a whole but there are. prospects that local . 
difficulties will continue. 
* Developing countries, especially those with rapidly growing populations, 
continue to become increasingly dependent on imported food. Food imports 
by much of the developing world must.continue to rise over the foreseeable 
future, but this in itself does not imply that research has not had 
beneficial impacts. 
* Yield per hectare became, and .remains, a quick and easy index of agricul- 
tural progress, but there are serious limitations to its use. Land is not 
the critical limiting resource of all aress and, accordingly, other 
measures of partial productivity should be used as is appropriate. 
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* The products of research may be relevant for improving yield stability, and 
for allowing more intensive production by shortening the growing season. 
Research may also reduce costs and extend the domain of a crop to dress 
previously unsuited because of diseases or growing conditions. 
* Expenditure for agricultural research is a form of investment. Long lags 
imply the need for sustained research funding over lengthy periods. Some 
agricultural research projects in developing countries have shown high 
rates of return. Research in the aggregate has evidently been quite 
productive . The pattern of productivity growth in agriculture has been 
quite uneven. 
* The willingness of the public to support research for agriculture has 
several explanations but the most important is the fact that agricultural 
research products that can be biologically reproduced yield. benefits that 
cannot be captured by the inventor. 
* Research directed at a given comzmdity or region may produce results 
applicable to other crops or regions. The CGIAR system itself is an 
institutional innovation arising in part through such external effects. l 
* The strength and quality of national research systms vary greatly. Many 
national research programs were created in the 1950s and 1960s in response 
to the pressures arising from industrialization. Growing urban populations 
created a need for increased food supplies.’ 
* As wheat and rice were so important in the diets of so many people in 
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l . 
developing countries, international research efforts were init ially 
concentrated on them. r The demand for new technology was focused on the 
major food crops. The cost of generating and diffusing that technology was 
lower for more favored, densely settled environments with increasing 
relative scarcity of land. 
* The growth in productivity, in part fostered by the incressed investment in 
research, has not made developing countries as a whole less dependent on 
food imports. In fact, most regions now import more food than a decade 
ago. In the late 196Os, food imports by developing countries were 2.4 
percent of domestic product ion; today they represent over 10 percent. This 
growth will continue through the very process of econcmic advance arising 
in part from improved agricultural technology. 
* Modernization of agriculture implies an increased role for purchased inputs 
and services. Their rise in importance relative to land and labor has 
characterized agricultural advances wherever they have occurred. A future 
research priority would be to reduce costs per unit of output without 
reducing yields. 
* When research is viewed as an instrument for achieving broader social 
objectives , the problem of the selection of appropriate strategies and 
weighting of competing ends become vastly more difficult. Exp lit it concern 
for welfare of the lower income groups has become an important and 
recurring theme in discussions of econanic development and the roles of the 
international lending and donor community. There are also scientific goals 
that serve a variety of social objectives: nutrition, lowering costs of 
production, employment, environmental improvement, etc. 
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* Research that leads to new production arrangements has many econazic and 
social implications. The centers will be subject to continued questioning 
about the distributional consequences of their research strategies. This 
is as it should be. However, the scientific agenda has the potential for 
results that offer broad social benefits. By an examination of past 
impacts, some insights can be gained as to the contribution of research to 
enhanced productivity, and to its econanic consequences. 
* The centers are conceived of as parts of a linked global system of 
agricultural research. The very notion of identifying the “impact of the 
centers” in isolation from that of national reseamh, development and 
extension organizations is a-contradiction of a pranise of their existence. 
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2 THE WORK OF THE CENTERS 
2.1 Introduction 
The CGIAR centers constitute a heterogenous group of institutions of 
varying ages and sizes, each with a different organization and operational 
objective, depending on when, how and by whom each was set up. IRRI, CIMNYT, 
CIAT, and IITA were established, operating centers when the CGIAR was formed 
in 1971. Two others, CIP and WARDA, were subsequently incorporated in the CG 
as functioning entities. The other centers were established through the 
active participation of the CGIAR, but the Group has been flexible enough to 
design those centers so as to be responsive to perceived needs rather than to 
an institutional formula. The result is considerable diversity. 
A guiding force in the establishment, of the first international centers 
was their initiators' faith in them as an appropriate novel instrument in 
international agricultural development. This faith was not shared by all or 
even most developmentalists in the late 1950s and early 1960s. It took 
considerable insight and courage to break with received wisdom to pioneer a 
new strategy for facilitating the advance of agricultural productivity in the 
developing world. The thinking that went into the formative plans was based 
on some key ideas including: 
(a) A growing recognition that tropical agriculture is different from 
temperate agriculture and does not benefit readily from attempts to 
transfer temperate zone technology: 
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(b) A rejection of the notions that peasants are irrational and that low 
agricultural productivity in the tropics arises from illiteracy and 
irrationality. 
(c) Scepticism regarding the claims of agricultural scientists, especially 
those working on rice and wheat, that improved technology in the form of 
cultivars and practices existed, and merely awaited an adequate develop- 
ment of extension services. 
(d) A belief that, if a critical mass of scientific research to exploit plant 
genetic potential was to be realized in an 'acceptable' time frame (say 
within two decades), that a new development strategy would be necessary 
founded on 'mission oriented' crop-based multidisciplinary research. 
Experience in Mexico, India and the Middle East in the 1950s convinced the 
- decision makers that this could not be achieved quickly within the exist- 
ing bureaucratic and disciplinary structures of national agricultural 
research systems. This was felt to be so because: 
(i> national systems often do not easily accommodate research based on 
agro-climatic zones that cross political boundaries; 
(ii) the existing national systems, both in the developing and in the 
industrial countries, were in the main, discipline rather than crop 
oriented and seemed to have little interest in the 'psuedo- . 
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scientific' approach of research on farmers' fields as opposed to 
laboratory research: and 
(iii) national systems were not organized in the most effective way to 
utilize the scarce skills of plant breeders, agronomists, and 
entomologists. 
(e) A confidence that centers addressed to crop research for agro-ecological 
regions could exploit the comparative advantage to be had by concentrating 
on those research aspects with the greatest externalities, i.e., improving 
the productivity of crops that are important throughout large parts of the 
developing world, and susceptible to the techniques of plant breeding and 
selection for characteristics not necessarily situation-specific. 
(f) A belief that the most appropriate immediate role for most emerging 
national systems in the proposed research agenda of the new strategy 
during at least the first decade would be in plant nursery networking and 
plant breeding. In time, the international centers would either 'work 
themselves out of a job' and be absorbed into the host national systems, 
or move towards specializing in more fundamental regional roles in 
training and research. 
On the basis of these propositions the Ford and Rockefeller Foundations 
set about establishing IRRI. Shortly thereafter the idea that a network of 
international centers would be needed was accepted by decision makers in both 
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foundations. At the time IRRI started operations CIMMYT, CIAT and IITA were 
already at least conceptually on the drawing board, being mentioned in corres- 
pondence relating to future planning. The two foundations and the original 
staff of these four centers recognized that they were embarking on a strategy 
for agricultural development that did not sit comfortably with that' supported 
and pursued previously. Others had committed themselves to a strategy based 
on agricultural extension services, village leadership programs and broadly 
based community development, including rural credit and rural infrastucture. 
These services were recognized as necessary for agricultural development, but 
not sufficient, Missing was the research from which genuinely improved tech- 
nology would be forthcoming. It was the latter void that the international 
agricultural research centers were designed to occupy, as complements to, and 
institutions that would help to strengthen, national agricultural research 
activities. 
IRRI was initiated in 1959 as a completely new international effort to 
focus on the problem of how to achieve high yields of rice in the tropics. 
The Rockefeller Foundation made IRRI's first senior researchers members of its 
field staff, and the Ford Foundation made substantial grants to construct 
IRRI's buildings and to provide facilities. By early 1962 it ws operating. 
Later, members of the staff were employed directly by IRRI. 
CIMMYT was established by an agreement between the Rockefeller Foundation 
and the Mexican government in October 1963. It absorbed some of the staff and 
facilities-and- much of the research base of the Mexican Agricultural Program 
a 
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of the Rockefeller Foundation, which had been operating since 1944. CIAT was 
formed in a somewhat similar way by agreement between the Rockefeller Founda- 
tion and the Colombian government in November 1967. IITA, like IRRI, was a 
new initiative and, in fact, took some time to become operational after it was 
established by a Nigerian governmental decree in July 1967 because of the 
civil war which erupted'out in Nigeria after the decision to locate the center 
a 
there had been made. 
CIP had been created under Peruvian law in 1970 and was in the early 
stages of operating when the CGIAR was formed in 1971. Two years later the 
CGIAR agreeded to support CIP. ICRISAT was established and began operating 
under CGIAR sponsorship in 1972, ILRAD in 1973 and ILCA in 1975. The IBPGR 
was launched ,in 1975. ICARDA was developed in 1976, to a limited extent 
carrying on the work of the arid lands agricultural development program 
earlier sponsored by the Ford Foundation. IFPRI began,operations in the same 
year, but it did so outside the CGIAR system, with support from several donors 
who were interested in seeing such a center. It was not until 1979 that IFPRI 
joined the system. ISNAR was established in 1980, specifically to help to 
develop national agricultural research programs. In 1971 the CGIAR began 
supporting part of the research activities of WARDA. 
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2.2 Diversity and Focus 
2.2.1 The range of activities 
The first two centers, IRRI and CIMMYT, had relatively straightforward 
objectives: to produce rice, maize and wheat plants that would yield well in 
the tropics where traditional varieties could not, regardless of how favorable 
the conditions. Other centers have faced more challenging problems because 
they have the more complex task of developing improved technology for ecologi- l 
cal regions, not simply improving single crops. 
The great diversity among centers arises 
among the commodities, nations and geographic 
of rice and wheat are easily and safely moved 
to some extent from differences 
areas that each serves. Seeds 
from one country to another, 
while potatoes and cassava have usually been propagated by root or tuber cut- 
tings that are more difficult to ship, and transfer involves greater risk of 
transmitting some diseases. It is not surprising, therefore, that widescale 
testing of new varieties played a significant early role in the strategy of 
IRRI.and CIMMYT while they have a somewhat smaller role at CIP, IITA and 
CIAT. The latter had first to give research attention to methods of vegeta- 
tive propagation that could reduce the phytosanitary risks. 
The CGIAR centers are thought of by some as consisting of a set of insti- 
tutes like CIMNYT or IRRI focusing on one or two crops. Of the thirteen 
centers only eight, however, are primarily devoted to plant breeding research 
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designed to improve crop yield potential, and all but three of those centers 
carry out plant breeding work on more than one crop. Four centers have man- 
dates relating to identified ecological regions and nine have some variant of 
a farming systems research program. Two centers are exclusively devoted to 
livestock research primarily designed to benefit African farmers (ILCA and 
ILRAD), and two others have major research programs aimed at improving past- 
@ 
ures or forage crops on which livestock depend (CIAT and ICARDA). One.center 
was created by the governments of some 15 African nations as a development 
agency and has since expanded its program to include research programs sup- 
ported by the CGIAR (W&DA). One crop oriented center has no laboratories or 
fields but is concerned solely with facilitating the collection, conservation 
and preservation of plant genetic resources (IBPGR). Two centers are not 
biological research organizations at all, but rather provide advice and 
research analyses, especially to governments of developing countries, on how 
to build agricultural research systems (ISNAR), and on agricultural policies 
(IFPRI). 
. 
Within this diversity,.it is clear that the primary activity of the CGIAR 
centers is to conduct agricultural research for the purpose of developing 
technologies leading to increased food production. Development is seen by the 
CGIAR as the ultimate purpose of support for international agricultural re- 
search. It is also clear that, within the system, efforts are being concen- 
trated on research related to food crops, while at the same time it is recog- 
nized that there are other important ecological, economic and socialfactors 
related to technological development. 
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The need to strengthen national agricultural research capabilities is 
also explicitly recognized as a goal and function of the centers. This is 
ISNAR's central purpose, but other centers contribute importantly. In order 
to transmit findings effectively and to help to build national capacities, the 
centers sponsor workshops and conferences, carry out training programs and en- 
courage their professional staff to interact on a personal basis with national 
researchers. This means that, in addition to their individual research acti- 
vities, many center research personnel travel extensively in partner countries 
and teach in center-run training programs. 
2.2.2 Similarities among centers 
Despite obvious differences, a number of similarities can be identified 
across the centers: they are problem-oriented and hence results-oriented; they 
are international in outlook and staffing, they are relatively independent of 
government bureaucracies; they link with other research organizations (in 
their host and other countries) having similar objectives; they maintain high 
standards of professional performance. 
Multidisciplinary - Problem Focused. The focus of each center on prob- 
lems that appear to require a technological or institutional solution is one 
common feature. This problem focus was a somewhat novel basis for agricultu- 
ral research institutions when the centers were formed. In most industrial 
countries, agricultural research institutions follow the organizational pat- 
tern of universities where disciplines form the institutional groupings of 
scientists. The wheat research in Mexico was addressed to developing high 
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high yielding, widely adaptable wheat varieties. IRRI was created in the hope 
of being able to break the ceiling that kept yields of tropical rice substan- 
tially below those achieved in temperate areas. Each of these centers were 
also focused on increasing productivity of a food commodity or ecological area 
for which increased production was considered critical to rapid development. 
This problem-solving orientation has resulted in multidisciplinary research 
programs" in most centers, but this organizational mode comes from the orienta- 
, tion rather than from a new orthodoxy committed to overthrowing disciplinary 
l organization per se. -- 
International. The centers are international in several respects. They 
are staffed by research workers recruited from "around the globe". .In most 
cases, nationals of the host country fill, some of the senior posts, nationals 
of industrial countries make up about half the senior staff, and nationals 
from other developing countries make up the rest of the senior staff (Table 
2.1). At centers located in countries with strong national programs, a number 
of nationally recruited scientists are also employed. Support staff are 
usually hired from the host country. Governing Boards likewise are constitu- 
ted from people of donor countries and from countries where the work of a 
center is important. Board members each serve in their individual capacities 
except in the case of WARDA where the Governing Council is composed of offi- 
cials designated by the member countries. 
The programs of the centers are also widely spread among countries; The 
13 centers are each located in a different country, ten of them in the devel- 
oping world. In 1984 the centers stationed about 30 percent of their 800 
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Table 2.1 Nationalities of CGIAR center senior internationally recruited 
staff, percentage 
Center 
CIAT 
Percentage who are citizens of countries in 
Europe 
Latin N. Africa North Japan 
Asia Africa America M. East America Oceania 
6 1 40 0 27 25 
CIMMYT 10 3 22 4 35 27 
CIP 8 1 35 0 23 32 
IBPGR 13 7 7 0 13 60 
ICARDA 20 3 4 28 17 28 
ICRISAT 25 10 1 1 34 29 
IFPRI 39 3 3 3 32 19 
IITA 28 26 4 3 21 17 
ILCA 6. 21 , 0 4 8 62 
ILRAD 0 10 0 0 30 60 
IRRI 34 0 2 0 38 27 
ISNAR 6 6 19 3 29 35 
WARDA 5 91 0 0 2 2 
ALL 18 14 11 4 25 28 
CH. 2 g/15/85 
i 
11 
research scientists in 36 countries other than their headquarters location, 
with a heavy concentration in Africa (Table 2.2). Many of the outposted 
staff are funded through special projects but, increasingly, the centers are 
also placing core-funded staff outside their headquarters. 
Independent. The centers are independent in their operations. The 
board, management and staff of each center determine its own program 
directions; no external organization has control. The Technical Advisory 
Committee (TAC) is the primary outside body that periodically examines the 
programs of the centers. This committee of 13 distinguished research leaders 
advises on research priorities, but does not have a controlling function. 
The CGIAR can, of course, influence program direction through its own 
comments on the programs of centers, and individual donors.can influence 
programs through the provision of.grants fbr particular activities. These 
are fairly general levels of influence, however, and the determination of 
research activities is the responsibility of each center. Since centers are 
also independent of the governments of the countries in which they are 
located (except in their normal civil responsibilities), they are relatively 
free from the bureaucratic delays that seem to be a part of all government 
and other large institutions, in industrial as well as developing countries. 
Although the Ford and Rockefeller Foundations were instrumental in initiating 
several of the centers and several of the centers' boards have members from 
among the officers of the Foundations, they no longer retain control of any 
center. 
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Table 2.2 Numbers of CGIAR center staff posted outside their center's host 
country, including staff on special projects, 1984 
Center 
Number of staff posted 
Outside host country in 
In host N. Africa, Latin West E&S 
country Asia Middle East America Africa Africa Total 
CIAT 50 
CIMMYTa 62 
CIPb 47 
IBPGR 7 
ICARDA 57 
ICRISAT 48 
IFPRI 
IITAd 
28 
73 
ILCA 34 
ILRAD 30 
IRRI 80 
ISNAR 26 
WARDAe 34 
1 
12 2 
11 
9 
2 
1 
2 
3 
3 65 
6 96 
3 62 
1 16 
61 
7 80 
31C 
2 106 
14 59 
30 
2 99 
27 
68 
5 
6 4 
4 2 
4 
1 2 
2 
1 
1 
20 
1 
27 
11 
. 
12 3 1 
1 
1 
34 
Subtotal 576f 39 17 30 100 38 
At centers 
in region 
128 42 159 107 55 
TOTALg 169 59 189 207 93 800 
a CIMMYT expects to have 15 staff members in Africa by the end of 1985. 
b CIP expect to have 25 staff members in Africa by the end of 1985. 
Ii 
Of the 31 IFPRI staff in 1984, only 17 were supported by core budget. 
1983 data are shown; IITA expect to have 68 staff members in Africa 
outside their Nigerian headquarters by the end of 1985. 
e 1983 data shown, 
f Includes 63 IBPGR, IFPRI and ISNAR staff in host country not allocated to 
regional totals. 
g Scientists were located in 38 countries without CGIAR centers; all centers 
developing countries had members of other centers posted with them. 
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Excellence. The founders of the first centers intended that they be 
centers of excellence in research and training. To that end they recruited 
the best qualified professional staff and provided them with excellent faci- 
lities and supplies necessary to carry out first-rate applied research. At 
the same time, it was made clear that excellence and relevant research ap- 
plied to solving food production problems were to be pursued. The concept of 
being centers of excellence in applied research has continued as central to 
the CGIAR. 
Linkages. In order to fulfill their international mandates, each of the 
centers maintains extensive links, both formal and informal, to other agri- 
cultural researchers with common interests. Formal links are forged through 
the operation of research networks in which researchers in several countries, ' 
all of whom are working on similar problems, meet periodically, review re- 
search findings and plan future work. A center may provide information, 
seeds or other research materials to members of the network who, in turn, 
share their results and help to decide on research priorities for the net- 
work. Conferences and workshops where researchers from several countries can 
come together to discuss their work and exchange experiences are important in 
developing good working relationships that keep formal networks solid and 
functional. Informal links are established by center scientists visiting the 
experiment stations of national programs and interacting with their col- 
leagues there. Links between the'centers and national research.institutions 
are also maintained through conferences, professional associations, contract 
research..and professional literature. Where two or more centers have over- 
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lapping research interests there is a flow of people and paper between them 
that maintains close ties. 
The centers are only a small part of the emerging global system for the 
production of new agricultural technology. Their presence has catalyzed the 
growth of national agricultural research programs in the developing coun- 
tries (chapter 10). At the same time, extension systems to deliver research 
results to farmers are slowly being strengthened. National researchers and 
international centers alike draw on the basic research and disciplinary 
knowledge of advanced institutions throughout the world as the knowledge base 
upon which improved technology is founded. Such institutions play an 
important role in the education of most researchers, especially at the 
doctoral level, for the developing countries and for the centers. 
2.2.3 Concentration on applied research 
Clearly, the parts of this emerging global system for agricultural 
research each have particular capabilities and advantages to carry out a part 
of the task that is necessary. The centers concentrate on applied research 
where there is a comparative advantage arising from their capacity to move 
people and materials internationally, but they also engage in some strategic 
research. 
Because these categories of research are often understood to have 
different meanings by different people, the following definitions, enunciated 
by the Second Review of the CGIAR, are generally followed in this report: 
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basic research - designed to generate new understanding (e.g., how 
the partitioning of assimilates is influenced by plant height); 
strategic research - designed for the solution of specific 
research problems (e.g., a technique for detecting dwarfing genes 
in wheat seedlings); 
applied research - designed to create new technology (e.g., 
breeding new varieties of dwarf wheat that can respond to high 
levels of nitrogen without lodging); 
adaptive research - designed to adjust technology to the specific 
needs of a particular set of environmental conditions (e.g., 
incorporating dwarf wheats into farming systems in a 
designated, perhaps unirrigated area). 
Scientists are as unhappy as non-scientists at being labelled, so there 
is little agreement among the centers as to how activities should be 
categorized. This, however, has not deterred the authors of this report from 
attempting such a categorization, shown in Table 2.3. 
Research at the centers spans the range of the four types mentioned, but 
the bulk of activities are in applied research; Crop improvement, defined to 
include plant breeding and the complementary research in plant pathology, 
virology and entomology, is the main category of work of senior staff in the 
centers. The crop-oriented centers devote 25 to 40 percent of their senior 
staff resources to these applied crop improvement activities and genetic 
resource conservatfon. 
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Table 2.3 Approximate proportion (percent) by center of senior 
internationally recruited staff members with primary 
responsibilities in four major categories of activities, 1984 
Center 
Strategic 
research 
Crop- Training, 
improvement Other research 
applied applied .support and 
research research administration 
CIAT 
kIP 
CIMMYT 
IBPGR 
ICARDA 
IFPRI 
ICRISAT 
IITA 
ILCA 
ILRAD 
IRRI 
ISNAR 
WARDA 
13 
15 
14 
11 
13 
11 
6 
83 
10 
49 
30 
45 
83 
33 
40 
34 
26 
10 
23 13 
28 27 
'24 17 
10 
93 
21 
27 
59 
6 
35 
16 
34 
17 
45 
7 
26 
27 
34 
11 
28 
84 
56 
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Other applied research activities, defined to include agronomy, econom- 
its, engineering, farming systems and animal nutrition, make up 15 to 30 
percent of the senior staff resources of eight centers. IFPRI research is 
included in this category in the table, as is ISNAR's research. However, the 
bulk of ISNAR's staff are committed to activities that are more directly 
related to the second general objective of the centers -- that of enhancing 
developing country capacity for research. These staff members are included in 
the right-most column of the table. 
Training and other activities aimed at improving the capacity of develop- 
ing country researchers are grouped together with research support and admi- 
nistration because it is impossible to separate them. A significant part of 
the staff time of the senior administrators is spent arranging to provide 
center products to national researchers, and most centers also have adminis- 
trative or liaison staff designated to work with national programs. Training 
activities are devoted to this purpose, and research support activities like 
library work and communications are also significant contributors. The pro- 
portion of staff time devoted to these activities ranges from about 15 to 30 
percent in most of the centers. 
Virtually none of the centers' efforts are .devoted to basic research con- 
ducted purely to build up knowledge with no clear idea of how that might 'be 
used to enhance food production. A modest proportion of most centers' activi- 
ties is devoted to strategic research, where the purpose is the solution of 
specific research problems, but the product of which is far from being an 
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immediately applicable technology. The bulk of ILRAD's researchers work at 
such activities, addressing the problems that need to be solved in order to 
generate technologies to control trypanosomiasis and theileriosis. The other 
centers use from 10 to 15 percent of their staff resources on strategic 
research. 
2.3 Commodity and Ecology Objectives 
The CGIAR uses the term "mandate" to define the area of responsibilities 
of the centers but, as one careful observer of the system has noted, the 
meaning of the word is somewhat different from its use. within the CGIAR. 
"Strict0 sensu a mandate is something handed down by a superior 
authority, whi'ch monitors its implementation, and the terms of a 
mandate both authorize and limit the discharge of specified 
functions. It carries the connotation of the entrustment of a 
public duty in conditions which cannot be varied save by 
reference to the issuing authority. It does not imply 
exclusivity of entrustment." 
"I believe that we could avoid some of the inappropriate 
overtones of the word if we discussed the roles of the centers 
and their inter-relationships in terms of "Objectives and 
Purposes" and in an evolutionary and complementary context. We 
should also look at problems conjointly as features of a system, 
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or at least of an agglomeration (O.E.D. a collection of things 
rudely thrown together (1831)).” 
"The objectives and purposes of each center are stated in the 
charters or constitutions establishing the institution. These 
documents h&e been consecrated successively over the past 
twenty-odd years and little conscious care was taken to ensure 
consistency. The later documents in the series have been more 
tightly drawn. Successive programs of work are established within 
the ambit of these statements and I am not aware of any instance 
where the mandate has proved an impediment. In the' nature of 
things, perceived priorities and resource constraints dictate that 
programs of work are selective within the mandate" (Mathieson 
1984). 
The successive programs of work that have evolved at the centers have led 
to recognition of two types of mandates: the formal and the operational. Only 
the formal can be found in the written documents of the centers but the TAC 
and its external review panels have recognized the distinctions and provided a 
guide to them (Table 2.4). 
C CIAT and IITA have the broadest formal mandates, CIAT's covering food 
crops and animal products of the tropical lowlands with emphasis in Latin 
America and IITA's covering tropical food crops and alternatives to shifting 
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Wle2.4. Foms.lamiOperational.Man&tes of 10BiolcgkallksearchGznters 
ForrnalMandates operational Mandates 
~R?gion/Agro-xolo@al Ekgion/Agro-ecological 
Centers ~tylActitity zme camndity/Activity mrle 
CIAT 
CIMMYT 
Cl?? 
IC!WM 
ICRIS4T 
IITA 
Foodcmps 
Animal pl?dLlcts 
la-Eat GIorld 
Maize R&d 
am Lhdefined 
Rice LJndefhd 
Other food crops &defined 
Rxato 
other 'ioot crops 
World 
bbrld 
Dty subtropical or 
tfzqxxate climate 
PMYME=% 
North Afria an.i 
Mediterranaan 
-hY 
Lfzntils 
Broad- 
-crops 
what 
c=k= 
krghun 
Millet 
pigeonpea 
&i&pea 
-t 
lowm.infallulirrig. 
seasmallydryand 
s&arid tropics 
Farmirg; syst- 
2JKl selected 
Mxld 
World 
Mxld 
hbrld 
N. Africa/N. East 
N. Africa/N. East 
world 
bbrld 
World 
World 
World 
Gbrld 
Potato 
Saue as formal with 
concmtration on 
non-irrigated agri- 
culture 
Farmirg system 
am 
Millet 
&z-F= 
olickpea Groundnut 
Famiqgsystemsseml- 
arid tropics 
Csssava 
Cocoyan 
Plantains 
*et ptato 
YG3ll 
Fanniqsystans humid 
aIrlslhhmid~ics 
I;ivestockproduction Africa Livestock production 
systars in Africa system3 in Africa 
llypanosaIdasis 
Theilerfosis 
other diseases 
Rice Worldwithemphaais Rice 
OnAsia 
World 
Gk>rld 
Iatzln 4nExia 
Latin &4lxrzrica 
World 
World 
W&i 
LatinAmerica 
krld 
,a 
Dryareasofregion 
World 
bbrld 
World 
World 
World 
Asia, Africa 
Africa 
Africa 
Africa 
Africa 
Africa 
Fkrld 
Lkxld 
bbrld 
Africa 
Africa 
hbrld withm@asis 
on Asia 
Rice west Africa 
Source: ?XC Priorities paper, 1985 (slightly mx3ified). 
Rice west Africa 
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cultivation. CIAT has focused more sharply on four commodities, concentra- 
ting its work on two for Latin America. IITA continues research on eight Or 
more crops, most focused on Africa. Both are conducting research that, if 
successful, would increase the productivity of land now being used at a low 
level of intensity. CIAT research would greatly increase the productivity of 
high acid pasture soils while IITA is striving to develop effective farming 
systems which would help maintain land productivity in the high rainfall 
tropics where the bush-fallow system is being forced into an ever shorter 
cycle by rapid population growth. 
CIMmT's formal mandate is considerably broader than its operational 
interpretation, the former including sorghum, rice and "other food crops" in 
addition to wheat and maize. Operationally CIMMYT includes barley and triti- 
tale but leaves rice to other centers and provides ICRISAT with logistic 
support for its Latin American sorghum research. 
There is much closer correspondence between the formal and operational 
mandates of each of the other centers, respectively, for varying degrees of 
emphasis on different aspects implemented in their operational mandates. 
2.3.1 Food production research 
When each center was established, a major concern of the individuals 
charged with establishing it (different individuals in each case) was to 
ensure that the center was focused on some aspect of the principal food pro- 
* 
duction problems that appeared to need an international research effort. Some 
centers were deliberately given a world-wide, or primary crop responsibility. 
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A number were given ecological or regional foci with restricted responsibility 
for crops for which another center had a primary responsibility. 
The result is a system of research centers conducting research on most of 
the main food sources of people in the developing world (Table 2.5). One or 
more centers is conducting crop improvement research on each of the cereals 
which, as a group, contribute 60 percent of the energy and 55 percent of the 
protein consumed by people in the developing countries. Roots and tubers are 
particularly important in Africa and- certain places in Asia. CGIAR centers 
are conducting research on all the roots and tubers that provide a significant 
proportion of food on a global basis. Pulses or food legumes are especially 
significant for their contribution to protein consumption, providing eight 
percent on average, but a much higher proportion among rural low-income people 
in Africa, Asia and the Middle East. Four centers are working on pulse 
crops. The two livestock institutes are conducting research that should 
contribute to greater productivity of cattle, sheep and goats everywhere, but 
livestock problems in Africa are receiving principal attention. 
Together, the foods that contribute 75 percent of the energy (1776 kcal/ 
a, 
day) and 74 percent of the protein (21.4 gm/day) of people in all developing 
countries are '*covered" by the CGIAR centers. It is recognized that the point 
of departure here is how things are rather than the more challenging alterna- 
tive of how they might be with changing tastes and incomes. The major food 
commodities not being directly studied at the centers are sugar, pork, 
poultry, eggs, fish, seafood, alcoholic beverages, vegetables and oilseeds. 
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Table 2.5 Principal food sources in the developing countries, their daily 
energy and protein contribution and CGIAR centers conducting 
research on each. 
CGIAR 
Commodity 
Energy Protein centers 
kcallday % gm/day % responsiblea 
Cereals 1412 60.1 15.8 54.5 
Wheat 411 17.5 5.2 17.9 
Rice 688 29.3 7.3 25.2 
Maize 
Millet 
Sorghum 
Barley 
Roots, tubers, etc. 
Cassava 
Potato c 
Sweet potato c 
Yam 
Cocoyam 
Others 
Plantain 
Pulses 
Chickpea 
Cowpea 
-Faba bean 
Field bean 
Groundnut 
Lentil 
Pigeonpea 
Soybean 
Livestock and products 
Beef and buffalo 
Sheep and goats 
Milk 
Pork, poultry, eggs 
Vegetables 
Oilseeds 
Coconut 
Oilpalm 
Other oilseeds 
Sugars and honey 
Fish and seafood 
Alcoholic beverages 
Other foods d 
178 7.6 
54 2.3 
61 2.6 
19 0.8 
213 9.1 
61 2.6 
33 1.4 
73 2.1 
12 0.5 
2 0.1 
2 0.1 
24 1.0 
87 3.7 
14 0.6 
2 0.1 
9 0.4 
26 1.1 
14 0.6 
2 0.1 
5 0.2 
14 0.6 
146 6.2 
23 1.0 
2 0.1 
40 1.7 
80 3.4 
35 1.5 
68 2.9 
94 4.0 
16 0.7 
42 1.8 
150 6.4 
15 0.6 
30 1.3 
193 8.2 
2.3 7.9 
.4 1.4 
.3 1.0 
.7 2.4 
.4 1.4 
.5 1.7 
5.5 19.0 
1.4 4.8 
1.2 
3.0 
.9 
.l 
2.5 
.2 
.9 
.Total 2349 29.0 
1.6 
.5 
.6 
.2 
.8 
,b 
l 5 
.4 
5.5 
1.7 
2.1 
0.7 
2.8 
1.7 
1.4 
4.1 
10.3 
2.1 
0.3 
8.6 
0.7 
2.1 
CIMMYT, ICARDA(R) 
IRRI, IITA(R), 
CIAT(R), WARDA 
CIMMYT, IITA(R) 
ICRISAT 
ICRISAT 
ICARDA, CIMMYT(R) 
CIAT,'IITA(R) 
CIP 
IITA 
IITA 
IITA 
IITA 
ICRISAT, ICARDA(R) 
IITA 
ICARDA 
CIAT 
ICRISAT 
ICARDA 
ICRISAT 
IITA 
ILCA, ILRAD 
ILCA, ILRAD 
ILCA, ILRAD 
none 
none 
none 
none 
none 
none 
none 
a (R) indicates a regional responsibility. 
'b Less than .l gm/day. 
C Adjusted to reflect latest information..showing 50 million tons of pota,to 
and 95.7 million tons of sweet potato production annually in China.Mainly 
d fruit, nuts, animal oils and fats, stimulants and spices. 
Source: TAC 1985 and FAO 1984. 
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2.3.2 Regionally focused research 
A number of centers define a significant proportion of their activities 
primarily in terms of particular ecological areas: ICRISAT in the semi-arid 
tropics, ICARDA in the dry areas of the Middle East and North Africa, CIAT's 
pasture program in the acid, infertile soils of tropical America, ILCA in the 
livestock producing areas of Sub-Saharan Africa, IITA in the humid and sub- 
humid tropics of Africa, WARDA on rice in its member nations. Some other 
centers that have farming systems programs have distinct ecological foci such 
as IRRI's on rice-based areas of Asia. 
The centers have evolved a number of ways of working in locations outside 
their headquarters that permit them to conduct applied research in ecological 
regions outside the countries in which they are located. Some centers have 
agreements with national authorities'under which center staff are stationed as- 
regional scientists, usually with some facilities supplied by the country. 
Other centers have liaison scientists stationed outside their host country. A 
substantial number of center researchers work directly with national research- 
ers under contract arrangements in which a donor provides special project 
funds for the purpose. Collectively termed "outposted staff", their functions 
range from administrative tasks such as helping to arrange for nationals to 
participate in centers' training programs and advising on the operations of 
national research programs, to research such as making crosses and selecting 
promising varieties. In each case, the national program in which the scien- 
tist is located has the opportunity for a much closer relationship with the 
center than it would have otherwise. 
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Table 2.2 shows the number of internationally recruited center staff 
located by region in 1984. Center staff were stationed in 36 countries with- 
out a CGIAR center in 1984, 20 of those countries being in Africa. The number 
and location suggest that the centers, donors and countries all are aware of 
those places where the needs for such staff are greatest: 100 staff members 
were stationed in W. Africa, and 38 in E. and S. Africa. This amounted to 43 
and 16 percent, respectively, of the total outposted staff in 1984. On the 
other hand, Latin America, which has relatively well developed national capa- 
a 
cities, had only 13 percent of.the outposted staff. 
Staff postings give some idea of the allocation of research effort. 
Budgetary data can supplement t,his picture. It is relatively easy to identify 
some expenditures with specific geographic locations, where the operational 
mandate is identified with a region as in Table 2.4, but allocating the core 
budgets of some expegditures is more difficult, and in some regards is impos- 
sible because much research has a potential payoff in several areas. In such 
cases core expenditures were allocated in approximate proportion to the rela- 
tive area of the crop in each region. Recognizing that the best efforts can 
give only an'approximate indication of the.geographic distribution of research 
efforts, the CGIAR Secretariat has developed such an allocation-(Table 2.6). 
The interrelated nature of commodity and region in research is clearly 
illustrated in Table 2.6. There is naturally a concentration of research 
activities in those regions where a crop contributes a high proportion of 
consumption. Thus, 40 percent of rice research investments are in Asia, 52 
percent of research investment on roots and tubers are in Africa and 63 per- 
cent of research on pulses is carried out in semi-arid W. Africa, India, N. 
Africa and the Middle East. 
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Table 2.6 Approximate annual allocation of CGIAR centers expenditures (ml1 1983$) to 
major activities and to continental regions expected to derive the principal 
impact of such activities (1984-86 average, using budgeted levels for 1985 
and 1986). 
Program Total Africa Asia Latin Middle East 
area America North Africa 
Crop improvement 
Cerealsa 
Roots and tubersb 
Food legumesC . 
33.0 8.8 15.6 5.3 3.3 
8.2 2.9 0.7 4.1 0.5 
10.1 2.4 2.5 2.7 2.5 
Livestock 
Production systems 
Disease control 
11.6 
4.1 t:: 
1.5 
Food policy 2.4 1.0 
0 
0.3 a 
Farming systems 7.7 3.9 
Genetic resources Conservation 4.2 0.9 
Research support 21.1 9.4 
,O 3.4 
0 0 
0.8 0.3 
1.7 0 
1.1 11.0 
2.9 6.0 
2.1 
1.2 
2.8 
Strengthening national capacities 
Training and conferences 
Information and communications 
Technical assistance 
13.8 4.7 4.8 3.1 1.2 . 
9.8 4.0 2.2 2.3 1.3 
2.6 0.5 0.7 0.5 0.9 
Research management 
Administration and management 
General operations 
20.4 7.3 4.9 4.6 3.6 
23.4 10.8 5.3 4.4 2.9 
Total operations 172.4 67.4 43.2 37.7 24.1 
a Rice- 41X, wheat 18X, maize 14%, sorghum 6%, millet 7%, other 14%. 
b Cassava 23%, potatoes 48%, others 29%. 
c Field beans 30X, groundnut 15%, other food legumes 55%. 
Source: CGIAR Secretariat 
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Allocations on the basis of relative crop area, however, may not adequately 
reflect the reality of intended targets in Africa, especially for core 
expenditures on maize, sorghum and millets where the lead center is in another 
region. Notwithstanding the initiatives of ICRISAT in recent years in west, 
southern and eastern Africa, attention to sorghum and millet improvement in 
Africa may be inadequate. 
2.3.3 Linkage of center and national researchers 
In addition to having staff located in a number of countries, an 
extensive set of links has developed between centers and agricultural 
researchers in both developing and industrial countries. Training is one 
basis for the most important kind of links -- personal contacts. Other 
important links are formed by research networks, flows of information, and 
international meetings and cqnferences. 
Perhaps the strongest links are formed between professor or research 
guide and student, especially at the graduate level where students establish 
lasting personal and professional contacts. Students emulate their teachers 
while professors are influenced by their students' work. Often a student 
continues a line of research initiated during graduate thesis work at a 
center, providing a natural link between centers, universities and developing 
country research programs. Many staff members of centers have been trained in 
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the same industrial country universities and relate to their universities in 
much the same manner as research workers from national programs. 
The centers do not award graduate degrees but they do provide opportu- 
nities for students to conduct dissertation research. In addition, the 
centers provide opportunities for individual technical training and short-term 
formal courses (Table 2.7). Currently, the centers provided opportunities for . 
over 350 students studying for master's and Ph.D. degrees to conduct thesis 
research in association with center staff. Because the university adviser is 
involved and interested in the research, a three-way link is formed between 
student, adviser, and center staff members. 
Individualized research training provides opportunities for researchers 
from national programs to carry out research in association with &enter 
scientists in a'one-to-one relationship, sometimes as post-doctoral fellows 
for one or two years and sometimes for shorter periods. Formal courses at 
centers range in length from 2 weeks to 6 months and usually focus on training 
in specific technical research skills. Even though short-term, these provide 
important opportunities for establishing links that permit the exchange of 
ideas, publications, research techniques and information between a center and 
national researchers. 
Research networks take a wide range of.forms. Typically, participants 
meet to plan work, discuss results and draw conclusions. The'most common type 
of network may be those for testing genetic materials that are operating for 
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Table 2.7.. Approximate current number of participants in four major types of 
training programs at centers. 
Center 
Number of participants in 
Individual Post 
research Degree Group doctoral 
training relateda courses programs 
CIAT 
CIMMYT 
CIP 
IBPGR 
ICARDA' 
ICRISAT 
IFPRI - 
IITA 
ILCA 
ILRAD 
IRRI 
ISNAR 
WARDA 
135 
70 
50 
5 
10 
15 
255 
15 
100 
25 90 
5 130 
10 540b 
10 130 
10 40 
30 90 
65 
15 
150 
20 
500 
110 
25 
240 
180 
120 
15 
15 
‘5 
20 
10 
10 
5 
:i 
Totals 430 340 2275 110 
a Scholars who are taking advanced degrees at universities and conducting 
degree research at the center specified, except in the case of WARDA 
which shows number taking advanced training abroad. 
b Includes participants attending courses conducted by CIP regional staff 
outside CIP headquarters. 
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most center commodities, including wheat, maize, rice, beans, cassava, cow- 
peas, soybeans, yams, pearl millet, and sorghum (see chapters 6 and 12 and the 
listing of Appendix 2.1 at the end of this Chapter). They provide national 
researchers with samples of varieties or lines that have been found useful in 
other countries and in centers. In most cases, anyone in the network can 
suggest materials to be included. People in the network participate to the 
extent that they individually feel is best. Naturally, the most complete 
information is generated when all members of the networks participate fully. 
In addition to germplasm exchanges, the centers have initiated a number of 
networks focused on specific research problems (see Table 10.4). Examples 
include the. regional research networks for potatoes that are functioning in 
the Andean countries, Central Africa, Central America and the Caribbean and in 
S. Asia which CIP has been instrumental in establishing. A network on soil 
fertility and fertilizer evaluation for rice-is coordinated by IRRI; the 
African Association for Biological Nitrogen Fixation is coordinated by IITA. 
The IBPGR coordinates an extensive network of researchers concerned with 
genetic collection work through its joint program planning and by providing 
common procedures, nomenclature and standards. 
Another kind of linkage is provided by networks concentrating on training, 
such as the E. African economics network and the Asian farm machinery net- 
work. These networks are not concerned with research planning and coordiation 
but are important for information dissemination rather than research coordina- 
tion. The trypanotolerance network and the African research network on agri- 
cultural byproducts also facilitate the flow of information. 
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Information is a priority of the CGIAR system. In recent years, center 
information and documentation services have been allocated an average of 5.4 
percent of the System's cumulative core budget. While programs vary in terms 
of size and sophistication, each center produces publications aimed principal- 
ly at researchers and policymakers in national and regional programs. Other 
important audiences include extension program personnel, students of agricul- 
ture and donors. To date, an estimated' 10,000 titles have been produced on 
subjects covering twelve commodities and some two dozen scientific disci- 
plines. All avialable CGIAR publications-an estimated 5,000 titles-are 
listed in the catalog "Publications on International Agricultural Research and 
Development" (IRRI and GTZ 1984). 
The centers' principal publications are their annual reports and research 
highlights, both of which serve the double function of communicating research 
results to national programsand assisting policymakers and donors in evaluat- 
ing CGIAR research. Formats range from 400-page omnibus reports to compara- 
a 
tively short publications that cover a single commodity or program. 
The reports are augmented by specialized publications that concentrate on 
a spceific discipline or geographical.location or that expand on a highly, 
specialized topic. Included are monographs based on completed research pro- 
jects, bibliographies derived from center data bases, and proceedings of 
international workshops and symposia. 
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The centers are also publishers of numerous agricultural newsletters. 
About 30 newsletter series are published annually on topics relating to 
general research, crop testing networks, genetic resources and specialized 
information dissemination services. Center newsletters also serve as outlets 
for research generated in national programs, and thus providing collaborating 
scientists with an opportunity for exchange of information through a worldwide 
food crop research network. Most centers have library services that send 
copies of papers to national researchers upon request. ILCA amd IITA have 
abstracting services and computerized library services that identify current 
research papers in the fields of specialization of collaborating researchers. 
Such selective dissemination of information permits them economically to 
inform a large number of researchers about the existence of publications of 
potential interest. 
The working language of the centers is English; however, several centers 
produce publications in French, Spanish and local languages. To accelerate 
the translation of English-language texts, several centers are emphasizing 
copublication, a technique in which an original text is produced in such a way 
that it can be easily translated and reprinted in a second language. The 
centers offer copublication-acceptable texts to national programs free of 
charge, and in several instances have assisted cooperators by printing 
translated versions at cost. 
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Center publications are distributed in approximately 160 countries world- 
wide. While distribution policies vary, the centers' common objective is to 
ensure that research results reach their intended audience quickly, effi- 
ciently and at minimum cost to the receiver. Although the majority of the 
centers' 60,000 subscribers are served by mail, center publications are dis- 
tributed to remote locations through special couriers, international airline 
distribution systems or by center outreach programs. More than 20 percent 'of 
CGIAR information budgets are spent on distribution. 
The centers' 13 publication units are staffed by editors and writers. 
Senior staff are recruited internationally, but are supported by local artists 
and technicians, many of whom received their initial training at the centers 
and have since joined the private sector. Most programs have in-house print- 
ing and binding capabilities, as well as access to computers, word processors 
and phototypesetters. 
In recent years, national programs have called upon the center to provide 
training in various aspects of publication production. While center informa- 
tion programs were not designed for this purpose, the need for trained editors 
and technicians at the national level has prompted several centers to initiate 
training programs on a limited scale. The programs emphasize "hands-on" 
training for editors, printers, artists, and photographers. Funding is pro- 
vided either by donors or, in some instances, from the centers' core budgets. 
CH. 2 8/15/85 
34 
2.4 Size and Growth of the CGIAE 
In 1971, the first four CGIAB centers had a total budget of $17.8 mil- 
lion. By 1980, when 13 centers were operating, the first oil crisis had, sent 
the world rate of inflation soaring so that the total budget for three times 
as many centers was ten times as large, totalling about $120 million. The 
budget for the centers in 1984, after the second oil price shock, was about 
$175 million. 
The CGIAB system grew rapidly during its early years, both in terms of 
number of centers and budget. It is useful to recall that the period 
since 1970 was one of rapid growth in development assistance budgets in 
general, only part of which was a reflection of inflation. Official develop- 
ment assistance grew fourfold in current dollars, from $8.2 billion in 1970 to 
$34.2 billion in 1982, according to the statistics of the OECD. Over the same 
period, CGIAR expenditures increased roughly twice as fast, but in constant 
dollar terms, the increases were much slower. 
Official development assistance from the OECD countries, the OPEC coun- 
tries and the E. European countries increased from $21.3 billion in 1970 to 
$34.8 billion in 1982, in constant dollars (Table 2.8). Of that, $7.6 billion 
was channeled through multilateral agencies such as the World Bank, IJNDP, FAO 
and the CGIAR. A breakdown of OECD assistance by sector shows that, in 1982, 
15 percent of the total for technical assistance was allocated to agricultural 
assistance. Some 28 percent of the assistance from the World Bank, the 
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regional development banks and USAID went to agriculture in 1982-83, a total 
of $5.6 billion per year (Sanford 1984, p CRS-259). The CGIAR's expenditures 
over 1982-83 averaged $144 million, which amounted to about 2.5 percent of 
this $5.6 billion. 
Thus, the CGIAR's growth rate has.been faster than other development 
assistance for agriculture but, even in recent years, it has formed a very 
small fraction of the total. Figure 2.1 gives a visual impression of how 
i 
CGIAR expenditures on various research programs have changed over time. Prior 
to 1974, cereals dominated. Livestock grew substantially in importance 
between 1974 and 1978 when ILCA and ILRAD were being established. After 1979, 
when IRPGR, IFPRI and ISNAR were being established, the "multi-commodity 
system research" category led the expansion. 
Figure 2.2 'and Appendix Table 2.2 show the pattern of support for the 
CGIAR over time. In 1972, the initial year of operation, 16 donors provided 
$20 million through the CGIAR. : Since then the number of donors has exceeded 
40, with about 35 contributing in each year recently. Initially, the Ford 
and Rockefeller Foundations, dominated, providing 46 percent of the total in 
the first year. By 1976 they contributed less than 10 percent of the total, 
with Canada, the'Inter-American Development Bank, the.United States and the 
World Bank each contributing over $5 million. By the 198Os, Australia, the 
EEC, the Federal Republic of Germany, IFAD, Italy, Japan, the United Kingdom 
and the UWDP were all contributing in.excess of $5 million each. . 
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Table 2.8. Global expenditures on official development assistance (ODA) 
to developing countries, national expenditures on agricultural 
research, and CGIAR expenditures 
1970 1980 1982 
(1981 billibn constant) 
I. Official development assistancea 21,300 36,210 34,970 
Bilateral 18,450 28,650 27,370 
Multilateral 2,860 7,560 7,610 
Grants by PVAs 2,220 2,240 2,360 
II. ODA commitments by purpose 
Totalb 
Allocable by sector 
of which tc 
of which agriculture 1,000 
Not allocable by sector 15,380 
of which food aid 2,640 
III. National agricultural research, world 5,340 7,390 n-a. 
N. America, Oceania, W. Europe 
USSR and E. Europe 
Developing Countries 
2,400 3,210 n.a. 
1,280 1,490 n.a. 
1,670 2,680 n-a. 
IV. CGIAR expenditures 20 140 140 
: 
From "DAC" countries (OECD) + OPEC + Socialist + Multilateral. 
"DAC" and multilateral. 
Source: ~~~~4kvelopment Cooperation, (1983) and Judd, Boyce and Evenson. 
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FIGURE 2.1 
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Nigeria, India, Mexico, the Philippines and China have become regular 
financial contributors to the system. Five other developing countries or 
developing country organizations have been occasional financial supporters. 
Thus, the CGIAR has growing financial support, with some of the primary 
beneficiaries providing modest amounts, and with a broad base of support among 
the major donor countries. 
2.5 Coda 
* The centers constitute a heterogenous group of institutions of varying 
ages and sizes, each with a different organization and operational 
objective. The diversity among centers arises to some extent from 
differences in the commodities, nations and geographic areas that each 
serves. Only eight are primarily devoted to plant breeding research 
designed to improve crop yield'potential. Pour centers have identified 
ecological regions in their mandates. Nine feature some variant of a 
farming systems research program. 
* The problem focus of the centers has resulted in multidisciplinary research 
programs in most centers. The centers are international in several 
respects. Nationals of industrial countries make up about half the senior 
staff, and scientists from developing countries make up the rest of the 
senior staff. Governing Boards likewise are constituted from people Of 
donor countries and of countries where the work of a center is important. 
CH. 2 8/15/85 
Figure 2.2 
Number of donors to the CGIAR and 
total funding provided. 
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Drvrloplng oountr1rs 
Indurtrlal countrirr 
38 
* The programs of the centers are widely spread among countries. In 
1984 the centers stationed about 30 percent of their 800 research scien- 
tists in 36 countries other than their headquarters location, with a heavy 
concentration in Africa. 
* Each center is independent in its operations. The Technical Advisory 
Committee periodically examines-the programs of the centers, but does not 
have a controlling function. Centers are also independent of the govern- 
ments of the countries in which they are located, and are relatively free 
from the bureaucratic delays that seem to be a part of many large and 
government institutions. 
* The founders of the centers recruited well qualified professional staff and 
provided them with excellent facilities and supplies necessary to carry out 
first-rate scientific research relevant to solving food production 
problems. 
* Formal links are forged through the operation of research networks in 
which a number of researchers in several countries working on similar 
problems meet periodically, review research findings and plan future work. 
Workshops are important in developing good working relationships that keep 
networks functional. 
39 
* The centers are only a small part of the growing global system for the 
production of new agricultural technology. Most activities ,are in applied 
research. Crop improvement is the main category of work of senior staff 
in the centers. Other applied research activities, defined to include 
agronomy, economics, engineering, farming systems and animal nutrition, 
make up 15 to 30 percent of the senior staff resources of centers. 
* Programs of work at the centers have led to recognition of two types of 
mandates: the formal and the operational. CIAT and IITA have the broadest 
formal mandates. CIMMYT's formal mandate is considerably broader than its 
operation interpretation. The formal and operational mandates of the other 
centers are, respectively, quite similar. 
* One or more centers is conducting crop improvement research on each of the 
cereals which, as a group, contribute 60 percent of the calories and 55 
Percent of the protein consumed by people in the developing countries. The 
centers are conducting research on all the roots and tubers that provide 
any significant proportion of food on a global basis. Livestock problems 
in Africa are receiving principal attention. Together, the foods that 
contribute 75 percent of the calories and 74 percent of the protein of 
people in all developing countries are "covered" by the centers. 
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* Some centers have agreements with national authorities under which center 
staff' are stationed as regional scientists. Others have liaison scientists 
stationed outside their host country. Center staff were stationed in 36 
countries without a center in 1984. 
*' Currently, the centers provide opportunities for nearly 350 students 
studying for masters and Ph.D. degrees to conduct thesis research in 
association with center staff. Over 2000 people attend formal courses at 
centers ranging in length from 2 weeks to 6 months, focused on training in 
specific technical research skills. Over 400 per year participate in 
individualized programs in addition to about 100 post-doctoral appointments 
annually. 
* Research networks take a wide range of forms. In addition to germplasm 
exchanges, the centers have initiated a number of networks focused on 
specific research problems. Most centers have library services that 
concentrate on the world literature relevant to their respective manadates 
and partners needs. Upon request they send copies of papers to national 
researchers. Publications of sometimes centers may be the only relatively 
easily available scientific information in some national programs. 
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Appendix Table 2.1 Countries receiving germplasm through international testing programs. by commodity. 
--_______-_---_-_-__------------------------------------------------------------------------------------- 
Rice Pearl Pigeon Chick l/Ground- Potato Sorghum TropicalZ/ Maize Wheat3/Beans Cassava 
Hlllet Pea Pea nut Pastures 
--___-___---------__------- -----------___--------------------------------------------------------------- 
SOUTH ASIA 
Afghanistan 
Bangladesh 
Bhutan 
Burma 
India 
Mongol la 
Nepal 
Pakistan 
SrlLanka 
EAST AND SOUTH EAST ASIA 
China l . 0 I 
Indonea la II l . I l I 
Korea (South) l 
Malaysia ‘ (I l w 
Philippines I) I II l I 0 
Singapore. I 
Taiwan (I n 
Thailand . I l I) # II 
Vietnam I t 
PACIFIC AND INDIAN OCEAN 
Fljl II 
Neu Caledonia l 
Papua-N.C. 
Samoa 
Solomon Islan a 
Tahltl 
Vanuatu I 
NORTH AFRICA AND MIDDLE EAST 
Algeria I) 
Cyprus 
Egypt I 
Iran 
Iraq 
Israel . 
Kuwait 
Lebanon 
Libya 
Morocco 
Qatar . 
Saudla Arabia 
Syria 
Tunisia 
Turkey 
Yemen A.R. 
Yemen D.R. 
WEST AFRICA 
Angola 
Benin 
a 
l 
I 
I 
0 i 
I 
(I 
I 
I 
I 
a 
l 
(I 
s 
Appendix Table 2.1 Countries receiving germplasm through international testing programs, by commodity. 
_--_----------------------------------------------------------------------------------------------------- 
Rice Pearl Pigeon Chick l/Ground- Potato Sorghum Tropical2/ Maize Wheat3/Beans Cassava 
Hlllet Pea Pea nut Pastures 
----__--------------------- ----------------------------------------------------------------------------- 
Burkina Faso 
Cameroon 
Cape Verde 
Congo 
Gabon 
Gambia 
Ghana 
Guinea 
Guinea-Bissau 
Ivory Coast 
Liberia 
Mali 
Mauritania 
. Niger 
Nigeria 
Senegal 
Sierra Leone 
Togo 
Zaire 
4 . 
. . 
. 
. 
. 
. 
. 
. . 
a . 
. . 
. . 
. . 
. 
. 
. . 
EAST AND SOUTH AFRICA 
Botswana 
Burundi 
Central African R. 
Ethiopia 
Kenya . 
Halagasy . . 
Malawi . 0 
Hozgmblque 
Rwanda 
Somalia 
South Africa 
Sudan . 
Swaziland 
Tanzania a 
Uganda . 
Zambia a . 
Zimbabwe a 
CARRIBEAN AND CENTRAL AtiERICA 
Bahamas 
Barbados 
Belize . 
Costa Rica . 
Cuba . 
Dom. Rep. . 
El Salvador . 
Cuatamala . 
Haiti 
Honduras 
Jamaica . 
Hex lco . 
Nicaragua . 
Panama . 
a 
. 
4 
a 
. 
. 
. 
. 
. 
. 
. 
. . 
. 
. . 
. 
. 
. 
. a 
. 
. 0 
. 
. 
. . a 
0 
. 
. . a 
a 
a . 
. . . 
. 
. 
. 
. 
a 
a 
. 
a 
. 
. 
. 
a 
a 
. 
. 
a 
. 
. 
. 
. 
. 
. 
. 
. 
a 
a 
. 
. 
0 
. 
. 
. . 
. . 
. a 
. 
. 
. . 
. . 
. a 
a 0 
. 
. . 
B 
. 
. 
. . 
. 
. . 
i 
. . 
I . 
. 
. 
. . 
. 
. 
. 
a 
. 
a 
a . 
a ‘. 
Y . 
. 
a . 
. 
a 
. 
. . 
. . 
. . 
. . 
a 
a 
. 
a 
. 
l 
. a 
a a 
. 
a 
. 
. . 
. 
a 
a 
. 
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. 
a 
a . 
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Appendix Table 2.1 Countries receiving germplasm through international testing programs. by commodity. 
------------------_-------------------------------------------------------------------------------------- 
Rice Pearl Pigeon Chick l/Ground- Potato Sorghum Troplcal2/ Maize Wheat3/Beans Cassava 
Millet Pea Pea nut Pastures 
------------------_-------- --------------------______c_____________------------------------------------- 
St. Helena 
St. Vincent 
Trinidad and Tobago 
SOUTH AMERICA 
Argent lna 4 
Bollvia 4 
Brazil 4 
Chile 4 
Colombla 4 
Ecuador 4 
Guyana 
Paraguay 
Peru a 
Surinam 4 
Uruguay 4 
Venezuela 4 
4 
4 
4 4 
4 4 
‘ 4 
4 0 
4 4 
I 
4 
4 4 
4 
4 
4 
4 
4 
4 
4 4 
4 4 4 
4 
4 4 
4 4 
4 
4 
4 4 
4 
4 4 
4 4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 4 4 
4 
4 
4 
4 
4 
4 
4 4 
4 
4 
INDUSTRIAL COUNTRIES 
Albania 
Australla 
Austria 
Belgium 
Bulgaria 
Canada 
Czechoslovakia 
Denmark 
Finland 
France 
Germany1 East) 
GermanylWe3t.I 
Greece 
Hungary 
Ireland 
Italy 
Japan 
Netherlands 
New Zealand 
Norway 
Poland 
Portugal 
Spain 
Sweden 
Switzerland 
UK _. 
USSR 
United States 
Yugoslavia 
4 
4 
4 
4 
4 
4 
4 4 
4 
4 
4 
0 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 4 
4 
4 
4 
4 
4 
4 4 4 
4 
4 
4 
4 
4 4 
a 
4 4 4 4 4 4 
l/ ICRISAT only 2/ ILCA. AND CIAT (pastures) 3/ includes bread wheat, durum. triticale, and ba 
distributed by both CIMMYT and ICARDA. 
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Appendix Table 2.2: axAR Cmtrfbltions to centers’ core program+ 
($ mfJ=n=) 
Actual E&2/ 
1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 19831/ 1984 --~---~~~~~~- 
Africsn Dev.Bank 0.025 0.030 0.040 0.045 0.046 
ArabFbId 0.310 0.310 0.255 0.239 0.239 0.230 0.230 
Asamkv. lsank 0.300 0.500 0.700 
Australia 0.005 1.015 1.215 1.745 1.790 2.580 2.650 2.955 3.298 3.773 4.060 4.000 
Belgiun 0.140 0.600 0.380 0.620 1.740 2.250 2.720 3.085 3.265 2.373 1.823 1.875 1.930 
Brazil l.aIO 
1.160 1.780 4.675 4.340 5.390 6.800 7.370 7.544 6.875 7.550 8.287 9.949 10.330 
0.500 
lkmarlc 0.250 0.225 0.370 0.400 0.455 0.615 0.760. 1.045 1.210 1.051 0.945 0.940 1.100 
Em 2.500 2.240 3.790 4.545 4.296 4.721 5.155 4.720 
0.500 
Ford Fhdn. 5.315 3.675 3.ooO 2.800 2.ooO 1.590 l.ooO l.CUO 1.300 1.300 l.ooO 1.294 1.060 
France 0.130 0.410 0.510 0.415 0.340 0.675 0.855 0.844 0.891 1.003 1.090 
1.805 3.040 3.935 4.475 5.350 6.760 8.475 10.100 8.368 7.919 7.886 7.550 
IrB 2.030 4.120 5.CMO 5.700 6.185 6.200 6.700 7.400 8.100 8.162 9.100 
IIRC 0.175 0.345 0.645 0.990 1.780 1.305 1.045 0.818 1.530 O.%l I.059 1.963 1.810 
IFAD 1.550 3.570 5.927 5.937 8.365 7.250 
0.500 0.488 0.506 0.500 
IEm 1.975 2.000 l.OCtI 
0.200 0.180 0.212 0.322 0.400 
IdY 0.100 0.030 0.100 0.100 0.700 0.965 1.577 6.101 6.790 
Japan 0.105 0.230 0.265 0.675 1.200 2.W 3.500 4.845 7.ooO 8.400 8.850 9.077 9.930 
Kellogg AxIn. 0.155 0.290 0.280 0.290 0.300 0.310 0.320 0.635 .340 
kverlwlms 0.490 0.585 0.654 0.752 0.810 
?43ico 0.495 0.948 0.150 
Netherlands 0.375 0.430 0.555 1.235 1.500 1.720 1.785 2.430 2.600 2.997 3.212 3.528 3.550 
New Zealand 0.105 0.025 0.025 0.025 0.025 0.021 0.018 0.016 
m- 0.645 0.645 0.620 0.790 0.825 1.976 1.142 1.205 1.004 0.990 
M-Y 0.075 0.185 0.445 0.810 1.120 1.510 1.880 1.975 1.995 1.902 1.874 2.176 1.940 
OPEFhd 0.900 l.CCO 3.548 2.227 2.200 
Fbilippines 0.150 0.500 0.500 0.355 0.500 
Rcxkefeller 
Fhdll. 3.990 4.545 3.500 2.885 2.165 1.595 l.w) 1.220 1.600 1.000 0.800 0.522 0.630 
Saudi Arabia 1.m l.Om 1.500 1.500 
Spain 0.500 0.500 0.498 0.500 
Sweden l.ooO 0.150 1.490 2.290 2.255 2.240 2.725 2.115 3.390 3.315 2.173 3.051 2.110 
S&xerland 0.410 0.140 0.460 0.855 1.205 1.350 1.850 2.450 2.605 2.752 4.894 5.610 
U.K. 0.690 1.110 1.920 2.410 2.890 3.515 4.765 6.395 6.790 6.031 6.342 5.909 5.690 
LNDP 0.850 1.000 1.465 2.165 1.930 3.500 4.400 3.995 4.615 5.065 6.088 6.849 8.240 
0.600 0.340 0.340 0.150 0.183 0.129 0.100 
Part II PARTNERS IN COLLABORATION: NATIONAL RESEARCB SYSTEW AND THEIR VIEWS 
ON THE CENTERS 
Overview 
Great importance was attached in this study to the views held by 
concerned individuals in the national organizations with which the centers 
have collaborated, should collaborate and doubtless will collaborate in the 
future. The sheer numbers of such individuals necessitatd a case study 
approach in terms of the countries selected for study and, within these, in 
terms of the limited cross-section of individuals with whom contact could be 
made. 
The 28 countries selected for case study were intended to constitute a 
set that was as representative as was possible with this small number. There 
were several aspects of representativeness; size, importance of agriculture 
within each economy, stage of economic development (e.g., indicated by average 
income level), as well as the state of development of national institutions, 
especially the research service, and last but not least, the intensity of 
.collaboration with the CGIAR system (Table 11.1). These several criteria 
meant that it was not possible, to seek representation across all combinations 
of all major categories of all characteristics. To this extent, the selection 
was necessarily arbitrary but it is believed that the panel of countries is 
indeed broadly representative of the centers’ key partner countries in the 
developing world. 
For each country, the person charged with recording national perceptions 
(usually a national citizen) was advised as to the approximate number and type 
of people with whom to document perceptions’of the nature of the contact with- 
PART II: a/23/85 
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Table II.1 Characteristics nf case study countries, 1980. 
Cnuntry 
% nf labnr 
Arable land Number of force in 
Population GNP/capita 1982 agricultural agriculture 
(mi.1) (1982 US$) (mil ha) researchers 1983 
Africa 
Burkina Fasn 
Cameraon 
Ethiopia 
Kenya 
Malawi 
Nigeria 
Senegal 
Tanzania 
Zimbabwe 
l . 
Asia 
hBangladesh 
Burma 
r India 
Indnnesia 
Nepal 
Philippines 
Thailand 
Latin America 
Brazil 
Chile 
Colnmbia 
Cnsta Rica 
Cuba 
Ecuador 
Guatemala 
Mexicn c Peru iddle East/North Africa 
Egypt 
Syria 
Tunisia 
6.5 210 2.6 
9.3 890 5.9 
32.9 140 13.3 
18.1 390 1.9 
6.5 210 2.3 
90.6 860 27.9 
6.0 490 5.2 
19.8 280 4.1 
7.5 850 2.7 
92.9 140 8.9 1514 82.8 
34.9 190 9.6 266 49.7 
717.0 260 169.5 5947 60.9 
152.6 580 14.3 1360 56.5 
15.4 170 2.3 388 92.1 
50.7 820 7.8 1330 43.9 
48.5 514 17.1 . 8356 73.9 
126.8 2240 63.0 
11.5 2210 5.3 
27.0 1139 4.1 
2.3 1430 0.3 
9.8 n.a. 2.5 
8.0 1350 1.8 
7.7 1130 1.3 
73.1 2270 21.9 
17.4 1310 3.2 
44.3 690 2.3 
9.5 1680 5.2 
6.7 1390 3.5 
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236 
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1242 
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4200 
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79.4 
79.4 
77.9 
76.0 
81.7 
50.5 
72,6 
79.3 
57.0 
35.8 
17.0 
24.8 
33.0 
21.0 
42.5 
53.0 
33.5 
35.2 
49.2 
46.4 
37.9 
Source: Population and GNP/capita frnm World Develnpment Repnrt, 1984 (The Wnrld Bank); Arable 
land and % of labor fnrce in agriculture from FAO Production Yearbook 1983. Numbers of 
agricultural research scientists derived frnm information obtained in the impact study 
case studies and includes the tntal number nf thnse identified as primarily researchers. 
excluding, in mast cases, university staff. 
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the centers. The number suggested was related to the size of the country and 
of its research and related professional services. Particular attention was 
directed to those parts of the national system that would be expected to have 
significant dealings with the centers. The guidance offered included 
suggestions to include a range of professional research disciplines, as well 
as individuals concerned with the wider implementation of the research 
findings in commodities or activities of relevance to the centers. Depending 
on the center and commodity or research program, this implied individuals 
ranging from specific commodity agronanists and breeders, through to policy 
makers in and out of national governments. The case study author in each 
country has prepared a technical paper summarizing the results of each 
investigation (see Preface). These are intended for publication as CGIAR 
Study Papers. 
With typically 40 to 50 people contacted per country, there was 
naturally scope for bias in the choice and from the availability of 
interviewees . These potential biases were brought to the attention of the 
authors and their assistants and, in documenting the broad summary of such 
perceptions, the synthesizing authors of this Part have endeavored to correct 
for any such bias when it was apparent. 
The country case study authors used their best judgment as to which 
individuals to interview. This was done with the aid of a structured check 
list covering the desired dimensions of the perceptions of collaboration. In 
some cases, suggestions from the centers about key people to contact were 
provided to the collaborators. In other cases, individuals were contacted who 
were judged by the centers to be less than appropriate. Some of these 
individuals had particular “axes to grind”, usually through some less than 
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happy experience in their association with a center. The authors and 
synthesizers have endeavored to treat all the opinions collected in a 
sympathetic and objective manner. 
Of course, the centers may well have different perceptions of their 
relations with and contributions to national programs than do individuals in 
the national programs. Centers @ views are extensively reported in the 
centersc own publications and hence are in no danger of being forgotten. If 
divergence between nationals and centers was large and persistent there would 
be cause for concern about the communications of needs from countries to 
centers and the centers’ responses. By and large, however, the divergence was 
minor. The views of researchers in partner countries are still reported even 
where actions have now been taken by centers to improve cooperation. 
To summarize, the approach taken, represented a significant part of the 
effort but is subject to inherent limitations of the subjectivity of all the 
individuals involved, both those expressing their opinions and those 
collecting such data, and the partiality in terms of incomplete coverage, both 
between and within countries. In spite of these limitations, it is believed 
:. 
that the data are unique and valuable in making an independent assessment of 
the success or otherwise of past collaboration with the centers. 
The main reason for committing so much of the resources for this aspect 
of the work was that, while of incontrovertible importance, it had, seemingly 
never been done before. There is a suspicion in the minds of sane that, given 
the dominance of the centers in supplying information on their activities, the 
opinions of the partners are too often relegated to a minor place. The 
present endeavor is an attempt to correct any such imbalance. 
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As a prelude to reporting the primarily perceptual material of chapters 
4 and 5, this Part opens with a brief description of recent trends in national 
agricultural research systems. This review of national research developments 
in chapter 3 is intended to be objective in character and partial in scope. 
In particular , it describes recent changes in the macro research 
infrastructure itself without confronting other related macro issues. The 
returns from agricultural research are heavily constrained by prior public 
investments to provide grassroots rural credit, networks of rural feeder 
roads, storage and processing facilities, rural electricity, irrigation water, 
and other rural infrastructures, and revitalized, revamped and reorganized 
extension system which ensures unambiguous two-way communication links between 
farmers and researchers, to mentiou a few.. Good decisions concerning these 
several important and interrelated matters depend on.precious information 
which must be-the product of further, hopefully- early, insightful research 
that was beyond the scope of the present study. 
The perceptions gathered are reported in detail in the separately 
published reports of the country case studies. In chapters 4 and 5 they are 
presented in a structured summary form. The primary partition is into those 
on relations with the centers, in chapter 4, and those on the contributions of 
a= 
the centers, in chapter 5. 
Notwithstanding the several attenpts to guard against bias, in the 
process of assembling this report it became progressively apparent that a 
subtle, human influence was at work in moderating some of the reporting of 
perceptions. Few caseeof serious conflict between center staff and national 
collaborators are recorded in the following, yet gossip has it that there have 
been many. It can only be concluded, with the greatest respect, that sane of 
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those interviewed have exercised considerable restraint in putting their 
personal misgivings asunder from the positive and constructive attitudes 
expressed. 
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3 NATIONAL AGRICULTURAL RESEARCB 
3 .l Introduct ion 
National agricultural research systems in the developing countries have 
grown rapidly in the past quarter century. The capacity of the national 
systems, and the growth of expenditure and manpower in these systems, along 
with other important characteristics are described in this chapter as a 
backdrop to the environment in which the CGIAR centers operate. Finally, some T 
of the factors associated with growth of the national systems are examined. 
3.2 Agricultural Research Capacity 
3.2.1 Research capacity in the 1950s 
There are few data available on national research systems of developing 
countries during the 19508, although it seem8 to have been a period of slow 
growth for most. At the beginning of the decade, Latin American countries 
were investing little in agricultural research. By it8 end, however, 
@ 
Argentina, Ecuador, Venezuela and Mexico had created “decentralized, 
autonomous institutes generally organized on the basis of the experience 
derived from the experimental station system of the U.S.A.” (Trigo,‘Pineiro, 
and Sabato 1983, p. 126). Much of Africa was still under colonial rule. 
There were some strong research program8 for the export crops, and program8 
for food crop8 in 8ome countries. However, little research was done on crop8 
grown only in small-scale farming or on subsistence mixed-cropping systems. In 
part this aro8e from the general observation that most subsistence farm 
household8 in mO8t places could indeed supply their own food needs most of the 
time. 
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Asian countries were in a period of rebuilding following independence. 
Several - notably India, Sri Lanka, Pakistan and the Philippine8 - had 
inherited research system8 from a colonial era with a number of well-trained 
local agricultural scientists. Experiment stations were in place along with 
an intact institutional research structure. Other countries were less 
fortunate. Indonesia had very few agricultural scientists, and virtually none 
with advanced degree8. Thailand had a few more but not many. The decade of 
the 1950s was a period of slow growth in most Asian research systems. They 
were not very productive during the decade because of the adjustment8 caused 
by independence and the loss of both national and expatriate scientists. 
Research on export crops continued to have high priority. 
3.2.2 Growth in research capacity in the 19608 and 1970s 
The 1960s and 1970s were decade8 of rapid growth of agricultural 
research system8 throughout the world. In Asia, the increases in expenditure . 
and personnel were accompanied by changes in institutional structure and 
research priorities. National research systems in the 1960s concentrated on 
adapting modern varieties of wheat and rice, building local staff number8 and 
centralizing fragmented institutions. The agricultural research council was 
widely used as a means of centralizing research decisions. The model of the 
Imperial (later Indian) Council of Agricultural Research, started in colonial 
India, was adopted in Pakistan, the Philippines, Bangladesh, Malaysia and 
Indonesia, for example, during the 1970s. There was a shift of research 
priorities from export and cash crops to the major food grains. Agricultural 
universities in India and the Philippine8 became integral and productive part8 
of the research systems, broadly conceived. The 1970s witnessed a 
coat inuation of these trends. There was rapid growth in some of the research 
system8 that had lagged in the 19608, particularly in Indonesia, Bangladesh 
CH3 8119/85 
I. 
3 
and Pakistan. Most of the new research resources were invested in programs 
dealing with the major foodgrains. 
Peru, Colombia, and Chile during the 1960s followed the example of 
Argentina by establishing decentralized national research programe. Uruguay 
did not start a new program but Sub8tantially reorganized its previous system, 
and Brazil made some changes within the traditional structure. In 1973, 
Brazil created a completely new institution, EMBKAPA, quite different from , 
it8 institutes of the 1960s. These change8 along with the greatly enlarged 
investment increased the output of the research systens. Semi-dwarf wheat and 
rice varieties were widely adopted in several countries and maize and soybean 
output increased in others. Some critics of agricultural research, however, 
argued that these technologies were not reaching the poor. Several 
institutional change8 were implemented in order to shift the focus of research 
in8titutions to the problem8 of the poor, and to orient many national 
agricultural professional workers more into direct’ extension and development 
activities. At about the same time, support for some of these systens started 
to decline and several, such as the Peruvian, were almost completely 
0 destroyed. 
These two decade8 were period8 of rapid transition for many African 
countr ice , analogous to the 1950s in Asia. Many countries gained independence 
and in some cases this was followed by periods of political instability. 
National research was disrupted by the breakup of regional research 
inet itut ions, the departure of colonial research workers from many countries, 
and ehortages of local research talent. Only three African agricultural 
scientists were working in all the experiment station8 in Kenya, Uganda and 
Tanzania in 1964. There have.been some dramatic improvements since 
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independence, more resources are now invested in research on major food crops, 
and many African agricultural scientists are being trained - but some problem8 
persist. 
For the period after 1959, data are somewhat more systematically 
available than for previous periods. They have been assembled by Evenson and 
hi8 colleague8 covering both industrial and developing countriee (Boyce and 
Evenson 1975 and Judd, Evenson and Boyce 1983) and by Oram and Bindlish (1981) 
covering developing countries for the period 1970 to 1980. In addition, there 
are studies covering specific regions, e.g., Trigo, Pinier0 and Sabato (1983 1 
for Latin America. The difficulties in collecting such data and in making 
them comparable, especially making adjustments for inflation and exchange rate 
movements, has led to some inconsistencies. Fortunately, such inconsistent 
estimates of expenditure for individual countries are the exception, and the 
more recent data and the changes over time in the regional aggregates are 
probably fairly accurate, at least in indicating trend8. The trend8 in 
expenditure are fairly consistent with trends in the numbers of scientists, 
both of which are useful for indicating aspects of the development of the 
8yStemS. i 
During the period from 1959 to 1980, expenditures on government research 
increased by a multiple of six in Asia and Latin America and by over four in 
Africa (Figure 3 “1). The regional growth rates were about the same in both 
the 19608 and 19708. Asian research expenditures increased in all countries 
except Sri Lanka, while in Latin America and Africa there was much more 
variability among countries. Five Latin American countries had a fall in real 
research expenditure8 during the 1970s but regional growth was rapid because 
several large systems, notably those of Brazil and Mexico, grew very rapidly. 
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In Africa, the growth in Nigeria dominated the regional picture but 
expenditures in South Africa, Kenya and Zimbabwe also grew significantly. 
These countries accounted for most of the aggregate growth and offset the 
declines in a number of others. 
Government research expenditure increased substantially not only in 
absolute terms but also relative to the size of the agricultural sector 
(Figure 3.2). In the low-income countries, 0.15 percent of agricultural GDP 
wa8 spent on research in 1959. This increased to 0.5 percent by 1980. Asia 
invested a smaller proportion of its agricultural GDP in research than the 
other regions. In contract, W. Africa and S. Africa approach the level of the 
industrial countries, which spent about 1.5 percent of agricultural GDP on 
research in 1980. Foreshadowing later diSCU88iOn, and recalling the 
productivity overview of chapter 1, there is a paradox in relating high 
investment level8 and general slow rates of technological progress in much of 
Sub-Saharan agriculture - a paradox surely worthy of urgent investigation in 
further research. 
Research expenditure aleo increased relative to extension expenditures. 
The low-income countries were spending the equivalent of 0.3 percent of 
agricultural GDP on extension in 1959 and 0.44 percent in 1980. The 
industrial Fountries spent far more on research than on extension, whereas the 
developing countries spent about the same amount on research as on extension. 
The number of agricultural scientist8 reportedly grew at roughly the 
8ame rate as expenditure in Asia and Latin America. Reeearch staff in Africa, 
however, increased by a factor of almost seven while expenditure increased 
only four times. This may reflect, in part, a problem endemic to many 
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PUBLIC SECTOR AGRICULTURAL RESEARCH AND EXTENSION 
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national research systems; namely high turnover rates of research staff. The 
instability thus occasioned by internal migration from the research system to 
other sectors of the economy (including universities, the private sector and 
other areas of the public sector) may be economizing of research budgets but 
it is devastating to research productivity , especially in fields such as plant 
breeding where gestation periods tend to be long. 
In 1980, about 148,000 scientists were claimed to be conducting 
agricultural research worldwide, 43 percent of them in the developing regions 
of Asia, Africa and Latin America. The world was investing $7.4 billion 
annually in agricultural research, 38 percent of it in the developing 
countries . 
3.2.3 Status of national systems in case study countries 
The case study countries reflect a wide range of growth in capacity 
(Table 3.1). In a few, such as Indonesia and Tanzania, agricultural research 
grew at nearly 20 percent per year. In a second set, including Ethiopia, 
Kenya, Nepal, Mexico and Egypt, it grew around ten percent annually . In a 
few, including Zimbabwe, Chile and Peru it grev little or not at all. 
There is wide variation in the numbers of researchers across countries, 
ranging from 70 in Costa Rica to nearly 6000 in India. Likewise, the numbers 
with master’s and PbD degrees ranged widely. Of course, scme countries are 
6a 
Table 3.1 Status and growth of the national agricultural 
research systems in some of the case study countries 
Region and 
country 
Number of agricultural researchers Growth 
in 1982 excluding university staff rate of 
With Total Researchers no. of Source 
higher number11 per million researchers 
degreesa/ - ha percent years 
covered 
Africa 
Burkina Faso 
Camaroon 
.Ethiopia 
Kenya 
Malawi 
Nigeria 
Senegal 
Tanzania 
Zimbabwe 
Asia 
Bangladesh 
Burma 
India 
Indonesia 
Nepal 
Philippines 
Thailand 
Latin America 
Brazil 
Chile 
Colombia 
Costa Rica 
Cuba 
Ecuador 
Guatemala 
Mexico 
Peru 
Middle East/North Africa 
Eupt 
Syria 
50 
315 
21 
276 
n/a 
n/a 
n/a 
1262 1514 170 
30 266 27 
547 5977 35 
400 i360 95 
170 388 169 
105 1330 171 
n/a 8356 489 
1275 1613 25 
62 171 32 
228 426=/ 104 
7 70- 233 
75 337 187 
30 210 161 
360 1240 56 
32. 250 78 
1427 3556 1459 
55 500 95 
176 
123 
638 
76 
491 
196 
236 
214 
9 
335 
33 
18 
39 
58 
79 
5 1965-84 cc 
.g 1972-82 CC 
8 1970-82 cc 
6 1964-83 cc 
17 1970-80 OB 
9 1975-84 cc 
18 1970-82 cc 
1 1970-84 cc 
24 
11 
6 
1 1970-82 
11 1970-82 
3 1970-83 
10 1979-81 
1975-84 
1971-80 
1975-82 
OB 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
a/ Master's and doctoral level degrees 
z/ Degree holders and above. 
E/ Research workers of ICA. 
Source: Country Case Studies (CC) or Oram and Bindlish (OB) and FAO (1984). 
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3.2.4 Private sector research and development 
There are few data on private sector research expenditure in developing 
countr iea . Surveys in India and the Philippines (Government of India 1980, 
NARSS 1971) show private expenditures to be less than 10 percent of government 
research. Chile has a long history of private sector agricultural research, 
but it is small relative to the public sector. Zimbabwe has a private 
agricultural research unit of longstanding. In these and a few other 
countries like Argentina where there are very active private sectors, the 
proportion spent by the private sector may he more but, in most developing 
countries, the private sector probably spends less than 10 percent of what is 
invested by government researc,b. 
TVO main types of private institutions conduct agricultural research: 
private firms such as input supply companies or the processors of agricultural 
commodities, and groups of farmers or plantation owners who finance and 
conduct research. 
There are several clear trends in private research in developing 
countries. In Asia, private research during the colonial period ~55 primarily 
by organizations of producers of export crops. After independence, many of 
these organizations were taken over by governments or simply allowed to wither 
away. Processors such as sugar mills,, tobacco and rubber companies that 
conducted research were nationalized in some countries but in others were 
allowed to operate privately. There probably was a decline in research 
expenditure by processors. In the late 1960s and 19708, there was rapid 
- growth in applied research and development work by private chemical and seed 
companies in S.E. Asia and S. Asia, many of which were local affiliates of 
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multinationals. These efforts are highly applied and concentrate on 
technologies that can be embodied in an input that farmers can purchase such 
as hybrid seed and chemicals. It is not clear whether there has been an 
increase or decline in private research, but there has been a clear shift from 
research by private commodity organizations and processors of export crops to 
research by companies supplying inputs to both foodgrain and export crops. 
Apart from such overtly commercial activities , the work of non-governmental 
development organizations and missionaries continues to be most important, 
albeit often neglected by observers and accountants of research. 
There seems to have been the same decline in Africa as in Asia of 
research by commodity organizations, but the tendency varies considerably 
among countries . Many of these organizations were quasi-governmental during 
the colonial period, being then financed out of general government revenues. 
Others, however, bad considerable autonasy from the government. In Kenya and 
Malawi, private research by farmer organizations remains stropg and in 
Zimbabwe it is increasing in strength. In contrast, the commodity 
organizations of Tanzania lost much of their strength, and their contribution 
to research has declined. Private input supply firm5 have strong research 
programs in a few countries such as Zimbabwe but, in most of Sub-Sabaran 
Africa, they still have small research programs if any. 
Private research in Latin America was conducted in the 1950s primarily 
by processing and trading firms such as the banana companies, and by such 
commodity organizations as the doffee growers of Brazil and’ Colombia. Such 
research programs, including those of processing and trading firm5 such as 
United Fruit, have declined in recent year6 . Research by input supply firm5 
has grown rapidly in Argentina, Brazil and Mexico. Input supply firm5 have 
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been attracted to these markets by their similarity to U.S. agriculture and 
the size of the markets, which grew in the 19606 and 1970s. Private conumdity 
groups such as the Brazilian and Colombian coffee growers have continued to do 
research, and several new groups such as the sugar producers of Colombia have 
built strong research programs. Regional producer groups have started to 
invest in applied research and extension in Argentina and S. Brazil. 
Farmers as individuals are also important contributors to “research” 
within the private sector but, data collection on such informal on-farm 
activities being what it is, there is virtually no documentation of this 
surely important dimension of applied agricultural research. 
3.3 Causes of Growth in National Research Investment 
3.3.1 Demand for research 
Food crises, leading to political pressure by consLrners for reliable 
food supplies, were particularly important stimuli to national research 
investment in Asia in the 1960s and in Africa in the late 1970s and 1980s. 
There was an increasing demand in the urban sector for foreign exchange to 
purchase industrial inputs and so forces developed in this sector for 
reduction in food imports and expansion of export of rural commodities. Urban 
groups induced governments to invest in agriculture in order to provide 
adequate food and maintain economic and social stability. The food crises 
also induced donors to invest in food production in developing countries. 
The dramatic performance of the fertilizer-responsive rice and wheat 
varieties - a development in which the international agricultural research 
centers played an important part - was another major factor leading to 
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increased research. The global publicity surrounding the green revolution 
changed the perceptions of the planners in developing countries and of donors 
in industrial countries about what research could do. The alternatives to 
research were gradually perceived to be less attractive. The failure of ma jot 
investments in extension to achieve rapid growth led to much disillusionment 
with extension by some agencies. In a number of countries - especially in 
Asia but also in parts of Latin America - land was no loqer 60 cheaply . 
available for increasing production. Increasing investment in research was 
seen as one answer to the demands for more agricultural production. 
The demand for food, and for export crops in Africa, was rapidly 
increasing during the 1960s and 1970s. The groups that would benefit from 
researcb.were similar to those who benefited in Asia and Latin America - urban 
consumers, governments which collected taxes on exports and industrialists who 
wanted cheap labor and foreign exchange. However, two factors differentiated 
Africa from Asia and Latin America and made it unclear whether there was 
increased domestic demand for research or not. First, the research systens 
were undergoing reorganization and land was still generally available for 
extensive expansion. Even now there have been no major 5uccess stories in 
Africa comparable to the green revolution in Asia. Second, as Lipton (1984) 
points out, during the 1970s foreign aid donors financed a much larger portion 
of the growth of African agricultural research with more external influence 
than in the other regions: “so-called ‘national African agricultural 
research* in much of Sub-Saharan Africa - though there are important 
except ions ,’ such as Kenya - reflects foreign money, personnel, and 
intellectual commitment overridingly, . . . to a much greater extent than in 
other developing regions.” 
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3.3.2 Public, private and international interactions 
Over the 1960 to 1985 period the growth of publicly financed national 
research, private research and inteaational research was mutually 
reinforcing. The international centers built on the knowledge base of 
national systems in the industrial and developing countries. They as semb led 
germplasm from existing collections of national programs and added large 
amounts through collecting expeditions mountal cooperatively with national 
programs. They hired research workers from atrorg national programs such as 
India’s, and brought expatriate researchers from industrial countries. 
Mexico’s national program on wheat and maize, which had been greatly 
strengthened with Rockefeller Foundation assistance, was the basis of CIMMYT. 
IRRI was able to draw on germplasm collections from national programs in Asia, 
and crossed Taiwanese and Indonesian varieties to develop IR8. The Indian 
research system’s coordinated sorghum and millet iqrovement programs, which 
had been organized with the assistance of the Rockefeller Foundation, provided 
the bulk of ICRISAT’e initial germplasm collection and a considerable number 
of Indian scientists for ICRISAT and other centers. 
It is clear that the international center5 cannot have much impact on 
food production unless there are strong national systems with which to work. 
Except for a few early cases such as Mexipak wheat and IR8 rice, the national 
systems must custom-fit technology for farmers’ conditions, adapting 
technological components made available through international networks 
supported by the centers. In many cases the centelg’ research methods and 
ideas make it easier for national researchers to test and adapt the centers’ 
technology to local conditions. The centers help to make national research 
systems more productive by providing germplaem, training, publications, and 
network6 of professional colleagues. They have helped to improve productivity 
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by providing assistance to improve organizational structures, planning, and 
management. The publicity surrounding the green revolution helped to make it 
possible to increase the government budgets for foodgrain research. 
The growth of private sector research and development activities has 
also been reinforced by the development of public sector research activities. 
The growing use of commercial seed, fertilizer, pesticides, and machinery, 
based in part on the development of crop varieties that are responsive to 
these inputs, has provided the basic incentive for research by input-supply 
companies in developing countries . Private companies hire researcher6 from 
the government system and from among she pool of researchers who have 
undergone training at the centers and elsewhere. 
3.4, Adequacy of the National Research Systems 
. 
3.4.1 Underinvestment in national research 
Despite the rapid growth of national research systems over the past 
quarter century, there are signs that the research systems of many countries , 
are not adequate to meet their needs. There is evidence that insufficient 
financial resources have been invested in research, the number and quality of 
scientists is inadequate and that the available resources are not allocated 
efficiently to meet either the productivity or income distribution goals of 
the government. 
There is no fixed amount of money nor percentage of GDP that is the 
optimal investment in agricultural research for every country. Several 
authorities have suggested that two percent of the value of agricultural GDP 
is an appropriate level to aim for (IBRD 1981). Figure 3.2 shows that in 1980 
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only North America and Oceania met this goal and Europe came close. Among 
developing regions, Africa comes closest with about one percent, then Latin 
America with just under one percent and Asia which spends about one-half of 
one percent. 
A better measure of the adequacy of research investment is the expected 
rate of return to investment in research. If this rate is greater at the 
margin than the returns to alternative projects in which the government or the 
private sector might invest, more should be invested in research. There is now 
a considerable body of literature that shows that returns to past investments 
in research have been much higher than alternative investments. Some of the 
evidence on the returns to research in some developing countries is summarized 
in Figure 1.2. Most of the estimates of returns to research have ranged from 
30 to 60 percent internal rate of return, with some projects yielding much 
higher returns. 
Where comparisons have been made, there is a tendency for returns to 
extension to be lower than those to research. In India, rates of return to 
extension have been found to be some 15 to 30 percent (Evenson and Jha 1973, 
Mohan and Evenson 1975). Rates of return to education and infrastructure 
projects have typically been in the 10 to 15 percent range. Surface 
irrigation projects in India were recently estimated to yield 12 to 14 percent 
(Abbie et al. 1982). 
There has been considerable di6cus6ion within national systems and the 
donor community of the adequacy of links between national research systems, 
extension systems and farmers. Linkage deficiencies slow the flow of 
technology to farmers, lead to inappropiate research because researchers are 
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not conversant with farmers’ problems, make it difficult to develop grassroots 
support for research budgets , and result in returns to research and extension 
lower than they might be. 
Comparisons of rates of return suggest that there has been 
underinvestment in agricultural research in developing countries - 
particularly in Asia which has about half the research intensity of other 
regions. However, the data are silent on Africa, where studies of returns to 
research have seemingly not been conducted. High returns to research there 
could be expected if it is effectively organized and conducted. The word 
“harmonized” has been used to describe this happy, albeit perhqs still 
hypothetical, state and, as a concept, it can be readily intended to describe 
also the preconditions for effective collaboration of national program5 with 
the international centers. 
3.4.2 Adequacy of human resources for research 
It is quite possible for the expenditure6 of a country or region to 
appear as possibly adequate using research a intensity measure (Figure 3.2) 
but, in fact, not to be. In Africa in particular, researchers are expensive 
and the value of agricultural output of the countries is low, which raises the 
research intensity measure. It is important, therefore, to look at other 
measures of adequacy such as the number and quality of research staffs. 
Larger countries could be expected to ned more researchers, and smaller 
ones fewer , in order to have the same relative capacity. Very small 
countries , it has been hypothesized, might need some minirrmm number in order 
to achieve a "critical mass". Table 3.2 shows data on agricultural area and 
number of researchers. Clearly, the industrial countries , especially Europe, 
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Table 3.2 Number of researchers, agricultural land and indicators of research adequacy, 1980. 
Arable and Number of Scientists Research Expenditure 
permanent agricultural per million expenditures $ per hectare 
crop area scientists ha 
India 
China 
Other developing Asia 
Africa 
Middle East/N. Africa 
Latin America 
E. Europe/USSR 
W. Europe 
N. America/Oceania 
(million ha) (thousands) 
169 2.3 
100 17.3 
113 9.0 . 
130 5.7 
104 4.7 
171 8.5 
278 51.6 
95 19.5 
280 13.6 
14 
173 
80 
44 
45 
50 
186 
206 
49 
(1980$m) 
120 
643 
224 
363 
187 
463 
1,493 
1,490 
1,722 
0.7 
6.4 
2.0 
2.8 
1.8 
2.7 
5.4 
15.7 
6.2 
Source: Area data from FAO, other data from Judd, Boyce and Evenson (1984) 
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have high capacity, even judged against land area, but the developing 
countries have even lower levels than suggested in Figure 3.2. A list of all 
those with the lowest level of capacity is shown in Table 3.3. Twenty 
countries have fewer than 50 agricultural researchers in total, including 
researchers at all levels of training. These 20 countries may be considered, 
albeit somewhat arbitrarily, as having below the number needed for a 
“critical mass” for an effective research program. Twelve of the 20 are in 
Africa and the others are small island countries in the Pacific or Caribbean. 
In addition to those countries which may lack some such minimal number, 
several countries have fewer than 25 scientists per million ha of arable land. 
Using this ratio, 9 countries. in Africa fall in this additional category, 
while all countries in Asia have 40 or more and all countries in Latin America 
have 30 or more. Thus, Africa contains many countries with possibly 
inadequate levels of capacity, despite the aggregate data that suggest that 
expenditures in Africa are high. 
.3.4.3 Adequacy of allocation of resources 
Research resources must be allocated among many different and complex 
activities. There are few useful measures with which to judge the efficiency 
of research-resource allocation decisions although many different measures 
have been used, such as relative shares on import earnings, shares in 
government revenue6 from agriculture, etc . One aspect that ha5 received much 
attention is the allocation between different commodities. Other bases that 
could be-used to allocate resources include different inputs - seeds, soil, 
fertilizer, irrigation, etc. - or different professional disciplines. Data 
are reasonably available only on the allocation of research resources by 
commodity. There are some data on the disciplinary breakdown of a few 
national research systems. 
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Table 3.3 Developing countries having fewer than 50 agricultural 
researcher6 or fewer than 25 researchers per million hectares of 
crop land and some additional reference areas, 1980 
Country Arable and 
permanent Agricultural researchers Research 
crop area Number per mil- expenditures 
(000 ha) (1980) lion ha (S/ha) 
Cape Verde 
Tonga 
Solomon Islands 
Mauritania 
Lesotho 
Gambia 
Benin 
Barbados 
Fiji 
Somalia 
Burundi 
Guyana 
Haiti 
Chad 
Malawi 
Jamaica 
Trinidad & Tobago 
Liberia 
Mali 
Togo 
Uganda 5680 58 10 0.9 
Ethiopia 13880 145 11 0.2 
Zaire 6314 97 15 0.5 
Nigeria 30385 491 16 2.6 
Niger 3550 59 18 0.4 
Zambia 5108 96 19 0.2 
Senegal 5225 105 20 1.2 
Sudan 12417 272 22 0.8 
Cameroon 6930 156 23 0.5 
India 169130 2345 14 0.7 
N. America C Oceania 280446 13607 49 6.2 
Brazil 7120 2935 41 2.4 
W. Europe 95025 19540 206 15.7 
Japan 4881 15671 3211 140.2 
Countries with fewer than 50 researchers 
(thousands) (S/ha) 
40 6 150 n.a 
53 8 151 5.4 
52 8 154 6.4 
195 9 46 4.4 
292 13 45 1.0 
270 13 48 0.3 
1795 21 12 1.0 
33 
236 
1066 
975 
380 
890 
3150 
1305 
265 
158 
371 
2050 
1420 
23 697 15.2 
23 93 6.5 
28 26 0.5 
28 29 0.7 
35 92 4.2 
37 42 0.3 
40 13 0.3 
41 31 1.8 
41 151 1.9 
43 272 2.7 
45 121 1.9 
47 28 1.8 
49 35 0.9 
Countries a/ with fewer than 25 researcher/million ha 
Some contrasting areas 
a/ In addition to those also having fewer than 50 researchers. 
Source: Area data from FAO (1984), other data from Judd, Boyce and Evenson (1984). 
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A rough rule of thumb for the efficient allocation of resources between 
commodities, known as the congruence rule, is that the share of research 
resources allocated to each community be roughly equal to its share of the 
value of agricultural output. Another way of saying the same thing is that 
the research intensities (research expenditure divided by value of output of 
each crop) should be equal. Figure 3.3 shows the reseazch intensity of major 
commodities across all developing countries. Coconut 8, sweet potato and 
cassava have the lowest intensity -- less than one-tenth of one percent of the 
value of output of each commodity. They are followed by cotton, maize, 
groundnuts and rice which also have low levels of investment. The comnmdities 
with relatively high levels of research investsmnt are cocoa, coffee, 
livestock, and soybeans, each receiving over one percent of the value of 
output going to research. The CGIAR centers taken as a whole spend a small 
amount relative to national rsearch investments, are concentratei on many 
fewer crops than national research, and conduct research exclusively related 
to food (chapter 2). 
Figure 3.4 shows congruence measures on four comwdity groups for 
several developing countries. The line of congruence running diagonally 
across each diagram defines where the proportion of research investment is 
identical to the proportion of output value contributed by each comwdity 
’ group. Points below the line indicate less than proportional investment in 
research on a commodity while those above it indicate where investment in 
research on a commodity is more than in proportion to its contribution to 
output. Such measures are, however, very partial indicators because they take 
no account of either the different stocks of knowledge concerning different 
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commodities or of the opportunities for technological progress that they 
present in different ecologies. 
Other informational shortcomings curtail progress towards more efficient 
allocation of research resources. Data on the diversity of the agro- 
ecological environments in which farming takes place are often fragmentary in 
both physical and social dimensions. Good decision making about research 
opportunities depends on good information which is too often sparse. National 
and international authorities must continue to strive to improve the quality 
and quantity of data on the environments in which agricultural research is and 
should be directed. 
Other challenges for research planners that have not been addressed 
here, but which surely must be considered in the context of specific countries 
and regions, include criteria for allocating institutional responsibility for 
basic, applied, adaptive, and operational research between d-ifferent tiers of 
government (federal, state and local governments) and of allocating 
institutional responsibility for different categories of research as between 
national systems and the CGIAR system. Insofar as the CGIAR is concerned, 
these issues are handled by the Group with advice from its Technical Advisory 
Committee. Within the centers, ISNAR is charged with assisting national 
authorities in the challenging work. 
3.5 Coda 
* There has been rapid growth in the national agricultural research systems 
in developing countries during the past quarter century. Publicly funded 
research makes up the major part of agricultural research and has led the 
. 
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rapid growth in the national systems but, in several countries the private 
sector also has grown quite rapidly. 
* The national systems have progressed most steadily in Asia where growth has 
occurred in real expenditure in almost all countries. There was an initial 
period of institutional instability but most countries now seem to be 
developing effective national systems. 
* Latin American research systems in aggregate grew very rapidly but, unlike 
for those of Asia, the real research expenditures of some countries 
declined during the 1970s. There was also a period of reorganization in 
several countries. 
* Aggregate growth in African research expenditure was high but, as in Latin 
Amer.ica there was considerable diversity across countries. Many African 
research systems were caught up in the larger national problems of 
adjustment after independence. Some countries had fairly radical and 
disruptive changes in their research systems while other systems remained 
highly dependent on and, in some cases, essentially as parts of, foreign 
research systems. 
* Food crises, leading to political agitation by consuners for reliable food 
supplies, contributed to the growth of agricultural research expenditure, 
particularly in Asia in the 1960s and in Africa in the late 1970s and 
1980s. 
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* Agricultural research was increasingly seen in the 1960s as one of the main 
means for facilitating greater volumes of food production. The rates of 
return to agricultural research in Asia and Latin America were very high. 
At least equally important, the publicity surrounding the green revolution 
changed the perceptions in developing countries and donor communities 
about what research could do. In a number of countries - especially in 
Asia but also in Latin America - underdeveloped land was no longer readily 
available for increas ing product ion. Such countries increased investment 
in research as one response to the demands for more agricultural 
product ion. 
* There are still weakness in many national systems. Even in some of the 
large research systems of the developing countries, there is evidence of 
underinvestment in research. The smaller developing countries face 
continuing challenges of educating and retaining sufficient researchers. 
* Some commodities have been neglected historically and continue to be 
neglected today. Many research programs may not be efficiently organized 
to make the best use of the resources available. Assistance from 
international agricultural research centers can and does play many 
important facilitating roles. 
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4 NATIONAL VIEWS OF RELATIONS WITH THE CENTERS 
4.1. Introduction 
There are, of course, many differing views of relations with the centers 
held among the partners in collaborative endevors. Naturally, these reflect 
the many differing forms and histories of contacts, not to mention the 
chemistry of interpersonal relationships. Generalization across such 
diversity is very difficult and runs a danger that the picture revealed may 
seem static when, in fact, such relationships and partners' views of.them are 
dynamic and evolving. 
4.2 Nature of Contacts 
4.2.1 Different countries, commodities and modes of contacts 
The history of contacts within a country is closely determined by the 
establishment of the centers and their development over time. The initial 
contacts were with the organizations antecedent to the centers, particularly 
the Rockefeller Foundation programs of technical assistance to selected 
countries, in- Latin America and Asia. With the establishment of IRRI and 
CIMMYT in the early 19609, contacts were broadened to a much wider range of 
countries through Asia and Latin America. Initial contracts in Africa and the 
Middle East were more sporadic. The early contacts.were predominantly with 
rice, wheat, and maize research personnel, although not all countries at that 
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stage had active separate research programs on these commodities. However, 
the centers sought out individuals who were concerned with these crops and 
developed good working relationships, especially, in the first instance, with 
plant breeders. 
As the centers' operations encompassed other crops and matters through the 
lgyos, contacts became much wider and, with the passing of time, the 
geographical scope of contact also increased across all research issues of 
concern to the centers. Each center, pursuing as it does its set mandate in 
the best manner that it perceives to be possible (chapter 21, has its own 
priorities for the ways in which contact can be generated over time. This has 
necessarily meant that countries that are perceived either as being relatively 
well able to handle their own research needs or as presently growing very 
little of a center commodity, are not given close attention while the scarce 
resources are addressed to those that have greater opportunity for earlier 
significant impact. Thus, in reflecting on the cross-section of experiences 
reviewed in this chapter, the reader needs to bear in mind the temporal 
evolution of the system. 
4.2.2 Initiatives for contact and collaboration 
Initiation of contacts between INIA in Mexico and the Indian agricultural 
research system regarding semi-dwarf wheats started before CIMMYT was 
founded. The Indian wheat scientists were looking for stiff-stemmed 
fertilizer responsive varieties and rust resistance in the USDA wheat 
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nurseries. In the early 196Os, some varieties that were develoved by the 
INIA-Rockefeller program looked promising to Indian scientists and they 
invited Dr. N. Borlaug to visit India. This was the beginning of a long, 
successful relationship. 
The main facilitators of contact during the 1960s between the then 
existing centers -- CIMMYT, IRRI, CIAT, and IITA -- and the national programs 
of most countries were the Ford and Rockefeller Foundations. They had already 
been involved in working to develop national systems in a number of countries, 
and they helped to found the centers. Indeed, many of their staff members 
moved from foundation assistance programs to being staff members of the new 
centers or working directly in national programs. Thus, it was natural for 
them to play the role of matchmakers. In addition, they had the resources, at 
least initially, to make sure that the match was beneficial to both parties. 
A fundamental principle of any successful cooperative activity is that all 
parties involved should feel individually advantaged. Pos‘itive interactions 
then reinforce perceptions of individual benefit. Original contact, at least 
in the early days of the system, usually came from the centers themselves. 
Considerable resources were devoted to engineering an appropriate array of 
contacts within target countries. The centers endeavored to seek out 
individuals seen as being likely to be effective in the centers' terms. Hence 
there was bias as to personality type and program orientationin order to 
have .the best chances of successful future collaboration. 
CH. 4 a/23/85 
4 
Good news travels quickly and, especially after some of the early 
successes in plant breeding and release of the first modern varieties, many 
national scientists were eager to strike up closer contact. To the extent 
that the international centers spanned the range of commodities on which 
national research centers were actively engaged, this was fairly easy to 
organize. Willing providers stood ready to assist whoever expressed interest 
in the national programs. Scientists working on crops not yet covered by the 
centers had to find other collaborators and sometimes this led them to change 
to work on crops that were covered. This surely induced some distortions 
within national research systems as talented national agricultural scientists 
responded to a variety of informal signals, especially related to financial 
resources for research on crops of interest, which may be viewed as having 
either facilitated desirable attention to or distorted needed attention away 
from different crops. 
Now that the major food crops are better served by the present set of 
international centers, including those centers not within the sponsorship of 
the CGIAK, the distortions are more between food crops and other crops, 
especially "export" crops such as beverage crops (e.g., tea, coffee, and 
cocoa), fiber crops (e.g., cotton, jute) and other tropical tree crops (e.g., 
coconut, oil palm and rubber). The swing to food crops may have gone, too far 
in some countries, for example in Kenya and Tanzania, the proportions of 
research funds going to coffee, tea, sisal and pyrethreum are far below their 
contribution to value of output. However, most countries' export and cash 
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crops still receive a higher proportion of the research budget than they 
proportion of the research budget than they contribute to the value of 
output. The very existence of the Consultative Group and most of its centers 
is due to a widely held perception that, hitherto, the biases of agricultural 
research were towards export crops to the neglect of basic food crops. 
In a number of countries, centers have been caught in misunderstandings 
between different parts of the national systems. This problem was mentioned 
in the Philippines, India, Nigeria and Thailand, for example. In some systems 
Q 
there are tensions between the research institutions themselves and the 
Agricultural Research Council or parallel institution that controls the 
allocation of research resources. The research institutions want to deal with 
the centers as directly as possible to receive the maximal amount of support, 
in whatever form, and to pay the lowest cost in terms of "red tape", 
bureaucratic delays and inter-departmental frictions. The controlling 
institution wants to ensure that the centers are fitting into national 
priorities and that it received its perceived rightful share of the services 
provided. 
Q 
The centers seem to have done fairly well in not being involved in such 
misunderstandings. There are exceptions, however. It was reported that CIAT 
had an abortive beginning of a regional program in the Philippines because it 
established its S. E. Asian regional cassava center at the -South East Asia 
Regional College of Agriculture (SEARCA) and conducted local trials at Mariana 
Marcos State University, a provincial institution in an area that grows little 
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cassava. It did not work closely with PCARRD, the national research 
coordinating council, or the Bureau of Plant Industry in the Ministry of 
Agriculture. Large yield advantages from the new technology were reported in 
the press and these were subsequently some misunderstandings and 
clarifications about which organizations were doing which activities. CIAT 
was caught up in the clarification process between different institutions and 
personalities. The fact that this was the only such example of bureaucratic 
conflict brought to the notice'of the team perhaps indicates something about 
the restraint and positive attitude of interviewers and the researchers they 
interviewed. 
The judgment of whether a research worker feels individual advantage 
through the workings of an outside body is a delicate one which broaches 
issues of autonomy and self-determination in research programming, the role of 
the individual in creative pursuit of knowledge, and a balancing of the 
benefits of receipt of needed assistance against objectionable feelings of 
being patronized that may go with some forms of external assistance. Judging 
by the generally positive attitudes towards the international centers 
revealed, it seems that the centers have been fairly successful in drawing 
this fine line. 
Working-level researchers in India made clear their appreciation of 
specific contributions of the centers such as enhanced germplasm, innovative 
screening methods, farming system research approaches, economic studies and 
technical-level training. Those who had participated in center sponsored 
activities rated them as highly useful. At the same time, among directors of 
research programs there was a general belief that the centers were doing 
little that was unique compared with India's own research. 
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Several research administrators expressed their appreciation for CIP's 
style of entering a country and working with the local system. CIP's model is 
to send a team from CIP to work with counterparts from the national research 
and production system to draw up a plan for potato improvement. Then they 
determine what role CIP can play - not only in research,but also in such areas 
as clean seed production. Once there is agreement on the respective roles of 
CIP and the national program, the project starts. This process is perhaps 
slower to get moving than other ways but it was clear from the reaction of the 
national systems that they felt that they had greater equality in their 
collaborative work with CIP than with the other centers. 
The perceptions held are not uniformly enthusiastically positive, as is 
elaborated.in chapter 5 in considering particular center "products". This 
diversity naturally reflects the inevitable results of individual personality 
traits and limitations inherent in the operation of particular programs in 
which the centers have been engaged. 
4.2.3, Collaboration vs paternalism 
Givers of aid are ,not always known for the benevolence or sensitivity that 
may or may not characterize their endeavors. Collaboration has always been 
one of the key elements in the centers' operations. This is achieved by 
scientist-to-scientist contacts and through participation on centers' boards 
of trustees of persons serving in their individual capacities. However, 
administrators in some countries were critical of the functioning and 
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composition of the boards of the centers, and some in Bangladesh felt it was 
important to have an official representative on a board who could accurately 
present the government's priorities. 
Since the centers' emphasis on collaboration, it is natural to ask how 
effectively this works in practice. It is easy to imagine an ‘institution 
staffed with experienced individuals adopting an attitude in their work of "we 
know best that this is how you should do it". Such an attitude may be 
described as paternal, dictorial, arrogant or bullying. 
For example, respondents in Brazil, Bangladesh, India, Colombia, the 
Philippines, Mexico and Nepal mentioned some high-handed attitudes in earlier 
days of their associations with the centers. It was not possible to track 
down all the details of such negative feelings but it seems' that, to the 
extent that there were problems, they tended to be isolated and associated 
with a few strong-minded individuals at centers who played insufficient 
attention to the niceties of their working relationships with their partners. 
Doubtless there were also then greater difficulties in'finding appropriate 
Partners which may have aggravated these difficulties. 
CIAT has influenced bean research in Chile through continuous review and 
discussion of approaches and methods. It introduced the strategy of 
broadening the genetic diversity in the Chilean program. However, it was felt 
that "on occasions CIAT may have been too overbearing in its assistance on 
research methods". In more recent times, doubtless reflecting a degree of 
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maturation on both sides of the collaborative arrangements, there have 
seemingly been much better relationships established. 
By and large, respondents were very positive about the quality of their 
professional association with colleagues in centers. 
4.2.4 Nationalism and internationalism in cooperation 
Among the personal attributes desirable for effective service in an 
international agency, such as one of the centers, is a strong sense of 
internationalism, fired by a conviction that people in many different parts 
of the world can be assisted through the endeavor. This perspective is not 
necessarily shared by all collaborators who typically are obliged to take a 
more parochial attitude to their work. They are usually working for the 
improvement of particular groups, almost invariably within a particular 
country. 
Comments by respondents in countries typically reflected frustration with 
the centers' focus on world or regional responsibilities rather than on the 
range of problems most pressing to the host country. This is surely 
inevitable given the centers' international responsibility in their narrow 
mandates and the requirement of the host country national program to cover a 
broad range of agricultural research issues. Researchers in Mexico and 
Ecuador, for instance, noted that center scientists during brief visits 
confined their attention to center-related research, even where that formed 
only a small fraction of the national scientist's activities. 
CH. 4 a/23/85 
10 
This tight focus on their specific responsibilities is probably to the 
credit of the center scientists. However, it may result in missing some 
opportunities for seeing the more narrow problems in'their wider context and 
hence modifying their objectives and activities. Center staff resident in 
non-host countries seem to be more successful in taking a broader view of 
national research issues, as they have both the opportunity and incentive to 
do so. 
4.2.5 Features of successful partnership 
Further features of arrangements between partners and centers can be 
mentioned as forstering a more successful partnership. Some of these features 
contrast with relationships established with some donor agencies. 
Respondents cited continuity of association as being very important in 
successful collaborative research. Some people contrasted their experience 
with bilateral donors who typically have projects defined over a fixed, say, 
three- to five-year term, such that the external resources, including 
especially any expatriate staff, vanish at the termination of the project. 
The centers, on the other hand, have developed long-standing associations* 
Breeders appreciate the regularity with which center staff come in to review 
jointly the progress of a crop improvement program, for example. There IS 
also a reasonable expectation that assistance will be forthcoming long into 
the future. This adds a certain calm to the collaborative aspects of the 
research programs that typically are necessarily long-term. 
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Consistency is another feature. Providing that a service is basically 
good, if it can also be consistent, all concerned stand to gain. The fact 
that so many individuals rated the consistency of center services so highly, 
speaks well for the centers in that, through effective recruitment policies, 
they have been able to maintain such consistency over long periods, even with 
the turnover of staff. 
The alternatives for providing genetic resource exchanges of the type 
offered by the centers are generally not extensive'. Indeed, the very 
existence of the centers in most cases is to fill uniquely a gap that donors 
and others have detected in institutional arrangements in,the world. Not only 
is there the fact of uniqueness in many centers' operations but there 
iS also the perception among many respondents that' indeed this is the 
situation. If assistance were not forthcoming from a center for supply of 
germplasm of a particular crop, rightly or wrongly, it was often felt that no 
effective substitute arrangement would be found. The frequently voiced desire 
for the CGIAR to work on cash or export crops reflects this (see section 
4.3.2). 
It is not universally the case, however, that there is no substitute for 
the centers exists. Other organizations conduct workshops and conferences, 
provide short-term training opportunities and publish newsletters. A number 
of researchers in partner countries were asked how important these three 
categories of services provided by the centers were for their work. 
Respondents were also asked to rate the importance of the same services as 
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provided by other international and bilateral organizations. Workshops and 
conferences organized by centers were rated higher than those by other 
institutions in all countries except Mexico. But the difference was minor in 
Brazil, .Ecuador, and Guatemala and Costa Rica. Center training programs were 
similarly rated higher in all countries except Mexico. Center newsletters and 
other publications were rated higher in all countries. 
4.2.6 Networking approaches 
Respondents in a number of countries commented favorably on their 
affiliation with regional research networks. In small countries it is 
extremely difficult to mount 'and sustain a research program on a specific 
commodity at anything approaching the minimal desired level. However, by 
affiliating the program with a number of others, a small nation can specialize 
on aspects of particular relevance to that country. By interchange with the 
other members, findings applicable to other issues can be drawn from 
neighbouring countries. Membership in a research network raises the 
professional status and motivation of national researchers, and makes small 
programs more productive than they would be, were each to operate in 
isolation. The networks are perceived also to provide a mechanism for the 
research needs of the member countries to be reflected in the priorities of 
participating centers. 
A number of centers recently have extended their networking to include 
specialists working with women in food production. IITA has begun to assist 
the African Home Economics Association to develop improved access to 
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agricultural research and its links with international fellowship programmes 
for female agricultural researchers. IRRI has taken the initiative' in 
preparing for the inclusion of Women in Rice Farming Systems in the Asian 
Cropping Systems Network. 
4.2.7 Matching of partner institutions and center programs 
A necessary but not a sufficient condition for successful collaboration is 
the existence of two parties. In many cases of attempted center contacts, 
this situation did not always prevail. Particularly in the early days of the 
system, national programs dealing specifically with research on food 
production often did not exist, especially for the long-neglected root crops. 
The centers, in beginning their collaborative arrangements, had to seek out, 
often at their own initiative, those parts of national research systems which 
lend themselves to the best opportunity for development in what, from the 
centers' point of view, appeared to be an appropriate direction. An index of 
the centers' success in this regard is the widespread prevalence today of 
programs directed to enhancing national food production. Collaboration is, 
however, still not easy in some countries because of the state of the national 
research system. Respondents in several countries (Nepal and Ethiopia, for 
example) argued that, until the national research and extension programs are 
significantly strengthened, it will be difficult for center-based assistance 
to have much effect. 
Stable funding and a low turnover of scientists create conditions 
favorable for collaborative work with the centers. In Chile a system of 
competitive grants operates for much of the agricultural research carried out 
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in the relatively strong academic' faculties of agriculture. In fact, the 
staff resource and research expenditures of the faculties represent close to 
half of the total agricultural research effort in Chile. While the funding 
system ensures well-targeted high quality research on specific projects, it 
does not guarantee a sustained level of funding in a particular area or, for a 
given commodity. This factor limits the development of collaborative links 
between the centers and university researchers. Conversely, however, where 
collaboration with the centers can be shown to make local research efforts 
more productive, it can lead to additional support for such projects. The 
lack of contact the centers have had with universities and institutes outside 
the ministry is seen as a weakness of their links with Chile. In Thailand, 
the same point about general lack of.contact between centers and university 
staff was mentioned as a problem that could readily be overcome to yield 
benefits to all concerned. 
In numerous countries a significant and increasing amount of research 
takes place outside the formal public sector agency, which is usually within 
the ministry of agriculture. Universities, private firms, private research 
agencies and producer bodies may all have a role, and effective collaboration 
with a country can depend on a center establishing a number of links. For 
example, in Costa Rica the National Chamber for Basic Grains undertakes 
research and extension and is eager to collaborate with the centers, and 
private seed producers would like.closer contact with and the opportunity to 
acquire genetic materials directly from the centers. 
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4.2.8 CGIAE versus other forms of assistance 
With the piecemeal evolution of the CGIAE and other forms of donor 
assistance, the lack of an-overall plan surely means that the present degree 
of coverage is necessarily less than optimal. Just what concept of optimaiity 
is relevant is not immediately obvious nor, as various observers who have 
thought of it have experienced, even very clear after periods of sustained 
contemplation. Some of the issues are the subject of the contemporary TAC 
consideration of long-term strategic priorities and further studies of the . 
future evolution of the system. It is thus not surprising that many of the 
people interviewed in the developing world had comments about the coverage of 
the present CGIAB centers as well as the complementary activities of other 
agencies. 
FAO has a wide coverage of developing countries through its system of 
representatives and special project activities around the world. Very few of 
these, however, have primarily a research focus. The CGIAB activities 
complement such development-oriented activities and, indeed, herein lies part 
of the rationale for FAO's co-sponsorship of the Consultative Group. 
a 
In recent times, many other donors have engaged actively in research and 
development programs that have a significant element of research. The World 
Bank has done this increasingly over recent years, and European and No 
American donors have a long history of active work in many countries. 
Sometimes these programs invoke the direct collaboration with the centers in 
their association with their partners in developing countries. For example, 
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the program being implemented by the International Agricultural Development 
Service in Nepal on behalf of USAID and the government of Nepal, involves the 
interaction of center staff with the several national programs, particularly 
dealing with rice, wheat and maize. The support of the Cono Sun project by 
the Inter-American Development Bank involves the collaboration of center 
staff. 
Considerable bilateral support has been given to Colombian research under 
Canadian, French, Dutch, German and British programs. The Colombians view 
these as valuable because of their focus on solving a specific problem in 
Colombia where the results and the knowledge remain. In contrast, the centers 
are seen as more ephemerally working on "world food production" with their 
activities less closely targeted to the needs of Colombia. However, the 
continuing and sustained presence of the centers, in contrast to the limited 
life of most bilateral efforts, is seen as a valuable feature. The high 
turnover of the staff in some bilateral programs and the tendency of some to 
use project work as training for students from the donor country tend to limit 
their value in the eyes of observers in partner countries. 
The bilateral and multilateral agencies in Colombia. can and do use their 
knowledge and contacts to act as brokers between the centers and national 
researchers. The support of IDRC for the potato research network, and its 
catalytic role in bringing CIAT's expertise in tropical pastures to bear on 
national problems were cited. 
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From the viewpoint of the donor community, a question of immediate 
relevance is how best to distribute resources between bilateral projects and 
contributions to the Consultative Group. This is a question of continuing 
review and requires some juggling of political consideration, as well as those 
of direct assessment of the effectiveness with which research .can be 
implemented. In general, there was an enthusiastic endorsement by recipients 
Of centers' contributions in relation to continuity, consistency and 
essentiality, vis-a-vis other forms of bilateral assistance. 
4.3 Gaps in CGIAR Coverage 
4.3.1 Gaps in geographic coverage I 
The domain in which the CGIAR centers presently work is now very 
considerable (chapter 2): It is not entirely comprehensive of the developing 
world, although the recent arrangements into which most of the centers have 
entered with China have considerably rectified the situation compared to *that 
prevailing a few years ago. 
The more overt gaps in coverage are functions primarily of the 
difficulties that lead to inopportune working arrangements in particular 
countries. Witness the aborted plans to establish one of ICARDA's 
headquarters in Iran, for example. Other parts of the world that are 
presently troubled by revolutions, wars and other human-inspired catastrophies 
similarly make collaboration difficult or impossible in the short run. CIMMYT 
activities in Nicaragua have recently been reactivated partly as a result of 
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some of the field work for this study. Several centers have also developed 
effective working relationships with Vietnam, Cuba, Angola and Uganda where 
Previously local circumstances had impuded interaction. The centers seem well 
aware of the urgency of getting effective programs launched in areas that are 
currently serviced only spasmodically. 
4.3.2 Gaps in commodity coverage 
Most of the mzijor food crops of the developing world are now encompassed 
within CGIAR institutional arrangements. Some of the commodities not yet 
within the system, but at least being addressed on the periphery, are 
vegetable prodzction in general and, although the activities of AVRDC are 
quite wide ranging, this is still a somewhat neglected field in many parts of 
the world, particularly for those who find it difficult to work closely with 
AVRDC. Other food crops being brought into international perspective include 
bananas and plantains, and more comprehensive work on sweet' fiotatoes. Other 
small, specialty items of food that are important in some countries are yet to 
be addressed through international endeavors. 
Notwithstanding the continued investment in many national programs on 
research on export crops, the main perceived gaps brought to the attention of 
the study concern commodities beyond major food crops including industrial 
crops or export crops; fibers such as cotton, jute and kenaf, oil crops such 
as coconut and palm oil, and beverage crops such as tea, coffee and cocoa and 
pharmaceutical crops. The production of these commodities has traditionally 
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been an important source of foreign exchange for many countries. Typically 
their research and development infrastructures have declined in the 
Post-colonial era and in many tropical countries there are now perceived to be 
serious imbalances in the research infrastructure supporting such crops 
vis-a-vis those of more immediate interest to the CGIAR centers. Of course, 
any suggestions for expanding the commodity scope of the CGIAR must be 
considered against a backdrop of limited budgetery suport and the already long 
list of commodities and farmiing systems under study. 
The Burmese, for example, would like to have more help on oilseeds and 
cotton. Burmese oilseeds researchers would like more contact with ICRISAT to 
supplement the assistance they have received thus far from a UNDP/FAO project 
which has brought in some groundnut germplasm from ICRISAT. They would also 
like assistance on their main oilseed crop - sesame - which is not covered by 
the centers. They have received some assistance on cotton from the UNDP/FAO 
project, particularly in the plant protection area* However, researchers 
expressed a wish for the type of assistance that the centers give. 
Several African scientists hold the view that IITA and ILCA, the two major 
centers with headquarters in Africa, should have their mandates "reviewed and 
streamlined"if they are to impact more effectively on African technological 
problems. They also expressed concern that other centers with outreach 
programs in Africa had not reached the most effective ways of collaborating 
with African countries; although they noted with approval the establishment of 
the ICRISAT-led sorghum and millet improvement program in Southern Africa and 
the proposed CIMMYT-IITA mid-altitude maize testing station in the same 
region. 
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In the early years, the CGIAR focused 'on the production problems of field 
crops, Gardening systems have been largely ignored and, with a few 
exceptions, post-harvest operations through to the point of consumption have 
received little attention, although it is beginning to be recognized by the 
centers that the technical and market demands of both industrial and domestic 
processing, storage, and preparation of food crops are an important influence 
on varietal choice and preferred crop characteristics. Home economics 
services and appropriate technology centers have made advances in these two 
areas but the CG centers have been poorly linked to these kinds of 
institutions in the past. 
4.3.4 Study team's views on gaps 
The following three paragraphs are comments of the study team on matters 
raised by respondents in various countries. 
Issues that need to be considered in investing in tree-crop research have 
not always been given due attention. First, quite apart from commodities like 
fruit trees and bees, many resource-poor farmers are involved in export crop 
industries so, while plantations may be major beneficiaries of research, such 
benefits may also be widely distributed to the most needy producers who rely 
on such crops for cash to supplement their subsistence food production. 
Second, tree crops may often play a crucial role in stabilizing resources, 
production and incomes in ecosystems that are inherently fragile. If 
productivity of tree crops can be enhanced relative to field crops, an 
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important step towards enhanced ecological stability would be taken. The 
gestation period of research on tree crops is, unfortunately, long and there 
are needs for great patience and more challenging management and 
accountability of such long-term research. 
The gaps perceived are especially significant since the comparative 
advantage that many countries once enjoyed in production of cash or export 
crops means that domestic agricultural resources can be much more efficiently 
devoted to their production than to some food crops. Institutions such as the 
World Bank now seem to perceive such an imbalance and a progressive rebuilding 
of research capacity, not necessarily.through international centers but 
through reenhancement of national capacities, is in prospect in the future. 
There is, of course, a danger that the past relative neglect of basic food 
crops could be relived if there is an excessive swing of emphasis.. 
Very little research goes into aquatic resources, particularly fresh water 
fish farming, for example, and even less to farming of crustacians, molluscs, 
insects and fungi. The factors of production are dealt with in a still 
incomplete way through international initiatives. IFDC services fertilizer 
research. The new irrigation research center (IIMI) in Sri Lanka provides a 
significant beginning on much-needed irrigation research but this is still 
incompletely addressed because of the great diversity of related research 
issues, particularly regarding soil management problems in many places. 
Agricultural credit is a key input for most research implementation but this 
is not formally addressed although aspects of it have been tackled by the 
CH. 4 8/23/85 
22 
World Bank, and IMP and IFPRI research programs. ILO, UNRISD and the World 
Bank have studied labor markets but much yet remains to be done'to understand 
this factor of production more insightfully. 
Some respondents complained of the CGIAR neglect of animals and trees in 
many research programs on farming systems. Certainly there is very little 
attention to agro-forestry issues in the international sense (the exception 
being the small but significant program of ICRAP operated from Nairobi) and 
the CGIAR centers' work on animals is concentrated in Africa with only a 
residual program on pasture development now at CIAT. Thus the animal research 
needs of most of Asia, Latin America and, in fact, most of Africa must be met 
through national programs, supported by private-sector research and bilateral 
assistance in some countries. There are demonstrably many opportunities for 
technologicial development in the livestock and tree growing sectors of most 
countries and thus this omission is perceived to be a significant one in the 
current CGIAR portfolio. 
4.4 Coda 
* The initial contacts of researchers in many countries were with 
organisations antecedent to the centers, particularly with the Rockefeller 
Foundation program of technical assistance to selected countries in Latin 
America and Asia. 
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* The establishment of IRRI and CIMMYT broadened the scope of contacts to a 
much wider range of countries. Establishment of additional centers further 
widened those contacts to include nearly all developing countries, but centers 
still focus on countries in which their mandate commodities are important. 
* In most countries, export and cash crops still receive a higher 
proportion of the research budget than they contribute to the value of 
output even if the programs are perceived by some national observers to be 
run-down and ineffective. The Consultative Group and most of its centers 
exist because of a widely held perception that, hitherto, the biases of 
agricultural research were towards these export crops to the neglect of basic 
food crops. 
* Respondents in Brazil, Bangladesh, India, Colombia, the Philippines, 
Mexico and Nepal mentioned some high-handed attitudes in earlier days of their 
associations with the centers. 
* In more recent times, doubtless reflecting a degree of maturation on both 
sides of the collaborative arrangements, there have been seemingly much better 
relationships established. By and large, respondents were very positive about 
the quality of their professional association with colleagues in the centers. 
* Comments by respondents in host countries typically reflected frustration 
with the CGIAR centers' focus on world or regional responsibilities rather 
than on the range of problems most pressing to the host country. This is . 
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surely inevitable given the centers' international responsibility in their 
mandates, and the requirement of the host country national program to cover a 
broad range of locational specific agricultural research issues. 
* Respondents cited continuity of association as being very important in 
successful collaborative research. Consistency is another positive feature 
often emphasized. In general, there was an enthusiastic endorsement of 
centers' contributions in relation to continuity, consistency and 
essentiality, vis-a-vis other forms of bilateral assistance. 
* ,The alternatives for providing genetic resource exchanges of the type 
offered by the centers are generally not extensive. Indeed, the very 
existence of the centers in most cases is to fill a gap that donors and others 
have detected in institutional arrangements in the world. 
* Respondents in a number of countries commented favorably on their 
affiliation with regional research networks. 
* In general, national researchers consider that the workshops, 
conferences, training opportunities, newsletters and publications from the 
centers are more important to their work than similar services obtained from 
other sources. 
* In the early days of the system, national programs dealing specifically 
with research on food production often did not exist, especially for 
long-neglected root crops. 
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* The lack of contact the centers have had with universities and institutes 
outside the agricultural ministry is seen as a weakness of their links with 
Chile. In Thailand, the same point about general lack of contact between 
centers and university,staff was mentioned as a problem. 
* The main gaps that have been brought to recent attention concern 
commodities beyond the major food crops. These include industrial and export 
crops; fibres such as cotton, jute and kenaf, oil crops such as copra and palm 
oil, and beverage crops such as tea, coffee and cocoa. While plantations may 
be major beneficiaries of research, such benefits may also go to these 
resource-poor producers who rely these crops for cash to supplement their 
subsistence food production. Needless to say, the issues raised by these 
national perceptions of coverage are complex, and debate over future policy 
must range over the extent of resources available through the CGIAR, problems 
of accountability in research on long-cycle tree crops and the danger of 
moving full circle to a new era of relative neglect of basic food crops* 
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5.1 Introduction 
The structure of this compilation of views on the contributions of the 
centers reflects their major products. The first considered is the arguably 
most important provision of plant genetic material. This is followed by views 
on methods, training, institutions and last, but certainly not least, policy 
work. 
5.2 Views on Genetic Materials 
The centers concerned with plant improvement have given high priority to 
providing national collaborators with pools of genetic materials of 
interesting diversity, and selected materials that have proved to be useful in 
some important environments. Provision of such material gives plant breeders 
a great start in their search for variation to incorporate in their own crop 
selection programs. In extreme cases, people can merely select amongst the 
materials with which they are provided. In every country study, the provision 
of germplasm of important food crops was most frequently cited, along with 
training, as the most valuable contribution of the centers. 
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5.2.1 Early contributions of the centers 
Asian rice breeders active in the early 1960s agree that the major single 
contribution injected through IRRI's catalytic role was dwarfness. The rice 
research programs of Asia had taken well the lessons from Japan, Taiwan, and 
Korea that fertilizer-responsive varieties could raise yields. Under the 
auspices of the FAO, they started the Japonica-Indica crossing program which 
aimed to develop varieties that were responsive to fertilizer. However, 
scientists in both the Indian and Philippine systems stated that the idea of 
using dwarfness to get the fertilizer responsiveness that they were seeking 
had not occurred to them. Breeders in India were not looking for dwarfness 
because they were not working on irrigated rice. Most Indian rice was grown 
with poor water control in the early 1960s and, under such conditions, 
dwarfness can lead to problems of submergence. 
Scientists discussed the likely course of events if IRRI had not developed 
semi-dwarfs. There still would have been increased yields from rice varieties 
such as C4-63 in the Philippines, AUT-27 in India, and Mahsuri in Malaysia. 
These were lowland varieties like IR8, more resistant to lodging and more 
fertilizer-responsive than the old Indica varieties, but were taller, less 
resistant to lodging and less fertilizer responsive than IR8. They were also 
of higher eating (but the same nutritional) quality compared with the early 
IRRI varieties. These varieties probably would have spread more slowly than 
the semi-dwarf varieties but, even in competition with semi-dwarfs, they 
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spread quite rapidly not only in the countries in which they were developed 
but also in Bangladesh where Mahsuri is still more widely used than any short 
IRRI or BRRI variety, in Burma where C4-63 is widely used, and in Indonesia. 
Before the Mexican (INIA) wheats were tested, wheat breeders 
were already looking for fertilizer responsiveness and had access 
in India 
to USDA 
genetic material, In addition, at least one breeder had already written to 
0 Washington State University for some of the same semidwarf wheat genetic material that was used to produce the INIA and CIMMYT wheat varieties. 
However, the INIA varieties were discovered at the same time and so that line 
of breeding was dropped. Indian scientists familiar with this program suggest 
that the INIA varieties sped up the release of modern varieties by roughly 
. five years in India. For other developing 
research systems at the time, incuding the 
the possible exception of Pakistan, modern 
if at all. 
countries that did not have strong 
rest of Asia and..N. Africa, with 
wheats would have spread from India 
The effect on research productivity of having germplasm available from the 
centers was discussed by plant breeders in the Philippines. Their 1960 
germplasm collection consisted of locally collected varieties, some exotic 
lines from S.E. Asia, some material from the Indica-Japonica crossing program 
and a collection of about 2000 lines from the USDA which included some of the 
Ponlai varieties from Taiwan. This base enabled them to produce C4-63, a 
medium-tall variety, that was moderately responsive to fertilizer. It was 
released at about the same time as IR8 and was better suited to some areas 
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than the early IRRI varieties. Thus, even without IRRI semidwarfs, there 
would have been some increase in rice yields. The University of the 
Philippines rice breeder at the time stated that the value of IRRI was 
illustrated when both the local improved varieties and the IRRI varieties came 
down with tungro disease. The larger IRRI breeding and entomology programs 
had already identified resistant germplasm and had substitutes ready to be 
released for areas badly hit by the disease. 
Even for rice and wheat, the differences between the old system and the 
current system of having germplasm available through the international 
nurseries are substantial. The rice collections consisted of those of USDA, 
the Japanese and several other large Asian collections. The USDA collection 
was available to a number of Asian breeders. Rice breeders could also write 
to the rice agronomist of the FAO for varieties..' The one regionally 
coordinated rice project was the Indica-Japonica crossing program sponsored by 
FAO. It made some contribution in a number of countries, and several 
varieties from the program became important, but it was terminated before IRRI 
was founded. Since the development of international rice nurseries, plant 
breeders obtain germplasm routinely. They no longer have to write to the USDA 
or the FAO rice agronomist and describe their needs. Instead, there is a 
constant flow of the best rice material in the world, including material with 
known resistance to diseases, pests and adverse conditions. 
Befre CIMMTY, wheat varieties were exchanged regularly between some 
countries. The USDA had rust nurseries in operation from the 1950s in India, 
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Pakistan, Turkey, Mexico and other countries. However, countries with less 
developed research systems had little or no access to these sources until 
CIMMYT organized its international nurseries. 
Similar conditions prevail for nearly every crop in which the centers 
work. Until CIAT and IITA began active provision of cassava clones, there was 
virtually no organized source for such materials. Seed potatoes could be 
obtained from commercial sources but, until CIP's program, there was no 
systematic way in which developing countries could obtain a selection of 
potato varieties likely to be superior for their environments. Extensive 
exchange of these and other vegetatively propagated root crops was enhanced by 
the development of disease-free propagation methods. International exchange 
of food legume seeds was a completely ad hoc activity until the international 
testing programs for field bean, cowpea, chickpea, pigeonpea, etc. were 
established. 
The availability of the germplasm collections and networks has 
significantly raised the goals of research. In the Philippines, for example, 
the introduction of elite germplasm from the centers resulted in a substantial 
increases in yield potential. Such changes greatly broaden researchers' 
outlook and improve their perception of achievable goals. For example, elite 
maize and sorghum lines from CIMMYT and ICRISAT have helped to raise the y.ield. 
expectations of plant breeders in the Philippines. For cassava, yields 
exceeding 40 t/ha were suddenly perceived to be achievable where 20 t/ha was 
previously regarded as excellent. Similar changes have been documented 
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relative to sweet potato, potato and grain legumes. Indian scientists also 
reported a similar important change in attitudes from a quest for gradual 
changes in yields to one for major increases. 
5.2.2 Selective vs diverse materials 
Plant breeding is an inherently risky business since the success of * 
achieving new combinations of genetic material to produce superior cultivars 
is like a game of genetic roulette. The chances of success can be enhanced 
through good practice in plant breeding and selection techniques, but the 
uncertainty inherent in the whole process cannot be overstated. 
Feelings about assistance in plant breeding programs from external sources 
are thus influenced to some extent by the good fortune or otherwise that 
individuals have experienced. The degree of success is a function of the 
serendipidity of the individual breeder, the extent and quality of resources 
the individual has to work with, and the success that the external source of 
assistance has had in assembling an appropriate portfolio of material. The 
international .cenrers have usually adopted a strategy of deliberately 
including very diverse materials in nurseries so that there is a good chance 
that there is something within an international nursery or within supplied 
segregating materials that will be of interest for every important ecological 
niche. 
There are conflicts implicit in this process. On the one hand, centers 
need to supply sufficient quantities of materials to boost the chances of 
detecting locally valuable materials. On the other hand, planting out and 
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managing nurseries and collections of germplasm is not a costless activity and 
can easily exceed the resources available for such work in some countries. To 
a certain extent, this problem depends on the size of a national program. In 
situations where there are few trained staff for plot management and very 
scarce physical resources for experiment stations, the successful conduct of 
large international nurseries can severely stretch national capabilities. 
This was specifically mentioned by researchers in Malawi with respect to 
maize, rice and sorghum and in Zimbabwe with respect to sorghum. However, too 
selective a policy is not appropriate in many cases. 
Cuban scientists were concerned that the rice materials that they received 
from CIAT had been too closely selected for traits that were not necessarily 
relevant to Cuban circumstances. For example, if CIAT screened out all 
materials not resistant to a disease that is of minor importance in Cuba, this 
restricted the material sent to Cuba. As a consequence they felt that they 
were loosing the opportunity to examine a wider range of materials on which 
they might draw. They noted that the more diverse selections received from 
IRRI partly compensated for this. Similar arguments were used by Mexico and 
other countries urging centers .to provide segregating materials (see chapter 
6), given the capability of advanced national programs to evaluate and to 
incorporate such materials. 
There is a danger that the particular needs and conditions of a country 
may not be fully appreciated by center researchers. Thus, on a very detailed 
and specific request to IITA for rice varieties, an agronomist in Zimbabwe 
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received 80 varieties which, in good faith, he incorporated into detailed 
observation trials at three sites. The majority of the varieties performed 
very poorly and, after subsequent correspondence, the breeder learned that 
only half a dozen of the varieties sent actually had the characteristics 
originally requested. Researchers in Malawi, in contrast, reported that 
IITA's short involvement with them on rice had been exemplary. 
Another positive counter-example, in this respect, is Malawi's 
collaboration with CIAT. The center continues to respond to the country's 
requests for bean material in a most specific manner. Thus the country 
receives material specified according to request by seed color and size, 
disease resistance, growth habit and the like. Malawi's progress in bean 
breeding has been particularly rapid because of the intensive interaction with 
the center. 
The "burden" of international nursery trials is perceived as even greater 
when the results of the tests are not or too slowly made known to the 
field-level researchers'responsible for conducting the trials. Mexican 
scientists urged the centers to make more effort to ensure that the results 
get to field-level staff, a task made even more important, albeit difficult, 
by the high rate of turnover of the Mexican staff. 
In such an inherently uncertain business, perhaps there will always be a 
less than perfectly satisfactory solution for such widespread sharing of 
internationally assembled germplasm. 
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5.2.3 Other material assistance 
By and large, the centers have not been in the business of supplying many 
materials other than plant genetic resources to their partners. The main flow 
of other materials to some partner countries has been restricted to investment 
in research facilities in countries that are hosts to centers and major center 
outreach programs. An exception is the assistance provided by IBPGR in its 
work with national programs and universities to collect germplasm in a wide 
range of crops (e.g., Peru and Ecuador in the Andean zone). 
The centers have often proved to be very helpful to individuals at 
,research stations in national systems by supplYing key factors that help to 
achieve success in research. Kenyan researchers reported their appreciation 
of timely financial assistance from CIP for minor but critical expenses. 
CIMMYT has also been mentioned as providing small pieces of equipment. IITA 
provided the plant quarantine station with a small grant to improve the 
facilities for tissue culture and field conservation. 
Shortages of foreign exchange cause perennial difficulties, and resources 
to purchase expensive scientific equipment are frequently difficult to find. 
Some bilateral donors are very important in particular situations in filling 
some of these gaps, and centers often work cooperatively with such donors to 
help to identify those of the greatest priority. Center staff posted to 
national programs under special projects make small but strategically very 
important outlays of cash and other resources to help meet particularly urgent 
needs. Sometimes these needs are as simple as assisting with local 
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transportation arrangements. In other cases, it may amount to financial 
assistance for chemicals and other materials that otherwise may be very 
difficult for the individuals concerned to acquire. In Ecuador, for example, 
various programs have benefited from and really appreciated the direct 
assistance of the centers in such seemingly trivial transfers as the inclusion 
with seeds of identification cards and covering bags for crossing. Similar 
assistance was mentioned in Burma, Indonesia, Peru, Syria and other countries. 
In summary, while material assistance may be modest in most cases, it is 
widely appreciated by national scientists who, in the interviews in the 
country case studies, often expressed their appreciation of it. 
5.3 Views on Methods 
5.3.1 Plant breeding techniques 
In retrospect., it is widely perceived that the novel twist of the early 
successes in otherwise rather conventional breeding of wheat and rice was the 
quest for wide adaptability, daylight insensitivity, and a changed crop 
architecture to give high yields through intensive use of complementary 
factors of production such as fertilizer and irrigation water. Resistance to 
the main diseases of wheat and rice was of central importance from the 
beginning, but insect resistance emerged as a breeding objective at IRRI Only 
after about five years of work. Reduced growth duration was the third major 
goal of the breeding programs. It facilitates increased cropping intensity. 
Programs for other crops have to a greater or lesser extent had similar 
The breeding approaches of the centers are subject to some critical goals. 
appraisal in chapter 6. CH5 B/21/85 
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Plant breeding techniques can be approached at several levels. At the 
lowest are the mechanics of effectively performing crosses in a crop, then 
come screening and selection, methods for maintaining pedigree nurseries or 
populations and, perhaps at the highest level, come breeding strategies. 
Centers have been quite successful in passing on skills and techniques. 
In wheat breeding, for example, there is a definite technological challenge in 
mastering the physical skills of making crosses. The center-trained plant 
breeders interviewed in this study were generally very appreciative of their 
experiences at the centers in improving their own techniques, learning 
procedures for monitoring nurseries and making selections;and of-any active 
assistance from center breeders at key times in their selection work. Being 
able to discuss their specific objectives and criteria for selection in the 
field with somebody they respect and can rely on for relevant knowledge is a 
great advantage and is widely valued. 
Examples of techniques learned from centers abound. Researchers in Kenya 
cited the techniques for mass rearing of hoppers and maize borers for 
artificial inoculation of maize in screening for resistance to maize streak 
virus and maize stalk borers. They also mentioned techniques for gathering 
and storing wheat rust inoculum to ensure a high level of disease pressure in 
nurseries. 
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Philippines researchers mentioned techniques for evaluating disease 
resistance in sorghum developed at ICRISAT, for evaluating rice blast 
resistance developed at IRRI, for rearing corn borer developed at CIMMYT, and 
for evaluating high-lysine maize designed by CIMMYT. 
Population breeding --although not originated by the centers--has been 
popularized by CIMMYT for maize and by ICRISAT for sorghum. Those techniques 
are now being widely used. The populations developed at the centers are often 
used as the starting point by national programs. 
Breeders in Burma, Indonesia and Bangladesh cited the spikelet-clipping 
vacuum emasculation technique for simplifying cross pollination in ,rice as an 
important .technique. With this technique, a person easlly makes 50 crosses in 
a day. Although IRRI is not the originator of this technique, it has so 
perfected it and has demonstrated it to so many local breeders that it is 
currently the standard emasculation method used in many countries. Breeders 
in Burma also adopted the use of shorter rows in growing out segregating 
materials, the practice of retaining more variability from one generation to 
the next, and modified their practice as to in which generations selection for 
various characteristics are made. 
In India, Indonesia, the Philippines, Bangladesh, Guatemala, Egypt and 
Cuba, breeders indicated that interaction with several centers has fostered 
the development of an interdisciplinary approach to plant breeding. Instead 
of the breeder doing the breeding, and the entomologist and pathologist 
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separately evaluating the varieties produced, the three now work together from 
the beginning of the breeding program to incorporate multiple resistances. 
Indian and other researchers mentioned that ICRISAT has improved methods 
for screening sorghum germplasm against grain mold, downy mildew, striga and 
midge. The checker-board technique for testing sorghum lines against striga 
resistance is being used now by many national researchers. The method of 
screening sorghum lines against midge is considered ,a definite improvement 
over earlier approaches. Large-scale field screening techniques for pearl 
millet have been developed and used. to screen for downy mildew, ergot and smut 
in one and 'the same generation. 
ICRISAT has demonstrated that the wilt disease of chickpea, which baffled 
Indian pathologists for over 40 years, is incited by a number of pathogens. 
Screening methods have been developed and sources of resistance found for many 
of the pathogens and environmental stresses that prevail in India for both 
a chickpea and pigeonpea. 
Techniques.developed by IITA for rapid vegetative propagation of cassava 
were reportedly adopted by researchers in Kenya. Similar rapid vegetative 
propagation techniques for potato'were adapted from CIP activities by 
researchers in Bangladesh, Rwanda and Vietnam. 
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Researchers .fn Chile reported an important contribution by CIAT in 
methodology for pasture evaluation, despite the fact that tropical pastures 
are not used in Chile. The evaluation methods are transferable and are being 
used by the natianal program in other agricological work. 
5.3.2 Agronomy and farming systems 
The scope of agronomy is so wide that generalization of views on agronomic 
research methods is correspondingly difficult. Farming systems research has 
had many important instigators but few as significant as the centers in 
advancing the cause of "farming systems" thinking in developing countries. 
The semantics of these activities are elaborated in chapter 16. Agronomists 
in the centers have professional interactions with a wide variety of 
researchers ranging over disciplines as diverse as plant pathology, 
entomology, general agronomy, soil science, and so on. Plant physiology has 
been a rather coneroversial issue amongst centers and this discipline is 
somewhat under-represented both in the centers themselves and in the national 
programs. 
The impact of much of centers agronomic thinking is transmitted through 
the production training courses that are run at centers; these are covered in 
the more general views in the next major section of this chapter. As 
important as agronomic work is to increasing productivity, from farming 
systems work, it was seldom reported on by national researchers separately 
aside. 
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Semantics aside, the central theme of all farming systems research 
activities is sufficiently uniform to allow some generalization. The impact 
on thinking of national researchers has been constrained by the rather slow 
institutional development surrounding farming systems research. Many 
countries have now instigated farming systems research programs, largely at 
the behest of donors, often with the assistance or encouragement of the 
centers, also, according to themselves, because research planners have been 
sufficiently impressed by the idea. Where such innovations have been 
enshrined in bureaucratic structures, cooperation of the centers with the 
national programs is straightforward. When this is not the case, which is the 
situation in most countries, implementation is rather more challenging. A 
section of a national commodity program is then the usual focus of 
collaboration. 
Chilean wheat researchers report an.important contribution by CIMMYT in 
.a the area of agronomic practices and the development of production systems for - 
Chilean wheat. This reflected the work of a resident CIMMYT scientist and the 
ideas and methods suggested by visiting staff. An innovative project along 
these lines started at the Guilamapu Station in 1978. By combining local 
results on wheat and legume varieties, fertilizer use and weed control into a 
systems approach, wheat yields on farms have risen three fold in the dry 
coastal areas of the central valley. This approach to research has opened a 
new and promising field within the national program. 
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Participants in the Asian cropping systems work initiated by IRRI have 
been encouraged to take a broad view of the role of other crops in rice-based 
cropping systems, In the study team's view, a difficulty until recent times 
has been the rather circumscribed view of farming systems taken, confining the 
research thrusts only to crops and intercrop competition. Recently, desirable 
extensions of the approach have been made to include other important elements 
such as livestock and trees. The enthusiasm observed among the multi- 
disciplinary cropping systems researchers in, say, Bangladesh, was remarkable. 
National scientists, overcoming their confusion about the somewhat diverse 
advice received from centers and other external sources, are rapidly coming to 
appreciate the significance of a farming systems perspective in addressing 
their research problems. Among countries visited, farming systems approaches 
were specifically appreciated by researchers in Bangladesh, India, the 
Philippines, Nepal, Indonesia and Panama. The particular value of this 
,approach for smallholder research was mentioned by respondents in Kenya, 
Zimbabwe and Malawi. 
CIMMYT's involvement in Malawi has been instrumental in establishing 
adaptive research - a farming systems approach. Ready access by the national 
program to training courses from CIMMYT's regional E. Africa office was a key 
element in this. Ecuadorian researchers also mentioned -the assistance 'that 
CIMMYT provided to help them to establish a series of production research 
programs as an institutional strategy to ensure consistency between the 
generation of technology and the circumstances of representative farmers. 
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5.4 Views of Enhancement of Human Capital 
5.4.1 Formal training programs 
As noted, germplasm and training are considered by the national programs 
to be the most important contributions of the centers. A detailed description 
of center training programs is given in chapter 9 along with a distillation of a views held by trainees from the recent TI\C study of training. 
Most of the individuals who reported having had training experiences at 
the centers were positive about them. The highlights mentioned were the 
opportunity to see how an international center operates and to participate in 
some of the research activities. They valued their chance to visit a 
different country and to see how things are done. They also greatly valued 
the opportunity to mix with their colleagues from several other countries 
engaged in the same training, thereby forming a basis for subsequent contacts. 
l 
Some, however, expressed reservations about the training. ,Given the 
diversity of backgrounds of the. trainees, the countries and the disciplines 
that are broached simultaneously, there is a significant difficulty in 
matching training experiences with the particular needs of individuals. This 
difficulty is reflected in some stem judgments as to the quality of some 
training programs - usually that they were pitched at too low a level. The 
match was simply not very good in some cases. 
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Since the mid 197Os, Brazil has had a rapid and substantial rise in 
agricultural research expenditures as a result of the formation of RMBRAPA. 
Much emphasis was given to training. In 1976, over 60 percent of EMBRAPA's 
researchers held a bachelor degree as their highest qualification. Today over 
80 percent have master's or PhD degrees. This has important implications for 
the nature of training that Brazil would like to see offered-by the centers. 
Courses in production methods served a useful purpose in earlier years, 
especially in the newly created bean and cassava programs where there was 
little or no local history of research. The opinion was given that most of 
the courses offered by the centers are now of limited interest to the, 
Brazilians, given the much higher qualifications of their research staff. 
They would prefer to see more emphasis on research methods. Furthermore, 
greater advance notice of courses and the number of places available would 
help the Brazilians (and others) in their planning. 
Researchers at University of the Philippines at Los Banos rated germplasm 
as the most important service received from the centers, but researchers at 
the smaller regional research centers in the Philippines such as Southern 
Mindinao University, Maligaya Research and Training Center and Camaranes Sur 
Agricultural College rated training as the most imporpant function of the 
centers. These institutes also felt that the regular visits from center staff 
were important as a source of information on new research findings and of 
opportunities for training. 
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Researchers in Kenya indicated that the various courses offered by the 
centers were particularly beneficial for the technical cadres and first-degree 
holders. They also observed, however, that some courses were too general, 
lacked depth and failed to discriminate sufficiently among those admitted on 
the basis of educational background. 
The Peruvian program expects to depend heavily on the training offered by 
the centers as a way of rapidly rebuilding its stock of human capital in 
research, which was left badly debilitated by the institutional and political 
changes of the 1970s. 
Cuba plans to expand its nurhbers of research scientists by over 50 percent 
in the next five years. Most of the degree training will be done at Cuban 
universities with some specialized training in basic sciences undertaken in. 
universities and research institutes in E. Europe. However, the Cubans expect 
to rely heavily on the centers that offer training in tropical agronomy which 
otherwise is not available to them. 
The Syrians attribute an important part of their success in cereal 
improvement to the long-standing and regular participation of their research 
staff (SARD) in CIMMYT training programs. Training on a larger scale is also 
an important contribution by ICARDA whose activities in this regard are 
reported to have led to the establishment of two new departments within the 
field crops section of SARD. Indeed, the Syrians are looking to the centers 
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in general to assist with much 
professional activities in the 
institutions. The call, as in 
formal postgraduate work. 
Training courses conducted in their home countries were'rated as 
needed training across the complete spectrum of 
national, presently uncoordinated, research 
so many other countries, is especially for 
particularly useful by researchers in Ecuador, Malawi, Zimbabwe, Cuba, and a 
number of other countries. The active participation of a wide range of 
scientists from CIAT was deemed highly productive in the cassava training 
courses conducted in Cuba. 
Collaborative research activities contribute strongly. to human capital 
enhancement and are'an especially important means by which IFPRI assists in 
national research. A current project with a University and the National 
Council for Science and Technology of Kenya was warmly viewed by researchers 
there. 
5.4.2 Communications, newsletters and networks 
Considerable investment is being made by the centers in a diverse range of 
communication activities. These include newsletters reporting network 
activities (see chapters 2 and IO) or dealing with crop improvement, systems 
for providing access to expensive foreign research journals, scientific 
working papers. and annual reports of the centers. The audience for center 
publication is also diverse but most publications are addressed explicitly to 
colleagues in partner countries while others are perceived by these recipients 
as being intended more for donors. 
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The systems of Selective Dissemination of Information (CIAT, IITA, ILCA 
and ICRISAT have such projects stimulated by IDRC initiatives and grants) 
eliminate many of the immediate costs of access to contemporary world 
literature. As pointed out by many crop and livestock researchers, especially 
, in Africa, most journals.must be purchased in foreign exchange that is 
extremely scarce in systems with stretched recurrent budgets. After pertinent 
information is identified copies of the selected material are provided upon 
request. 
Most centers compile extensive bibliographies of current literature in 
their mandate fields and make these, as well as reprints of articles, 
available to national researchers - usually for free but in some cases of 
published book formats for sale. Some centers have made major original 
contributions to the development of information systems while others have 
enhanced systems already in place, such as those of the Commonwealth 
l Agricultural Bureau (UK). 
Some scientists felt that the nature of the services of the centers was 
not widely enough known and understood, and that more promotion and 
information is needed. However, many, including some from Mexico, Malawi and 
Zimbabwe, were concerned that the publications that they received were often 
too general to be of use in their scientific endeavors. As opposed to 
receiving public-relations-type publications, they expressed a need for more 
technical bulletins with details on materials, research methods, and research 
findings. Shortage of funds often precludes, their purchase of the increasing 
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number of books that contain the more technical research findings of the 
centers. The need for publications to be in Spanish if the centers wish to 
reach a wide audience of scientists in Latin America was reiterated; a 
parallel need exists with French in W. Africa, with Arabic in the N. Africa 
and the Middle East, and presumably with Chinese. 
In Indonesia and Malawi, the quality of publications from the centers was 
praised but not their distribution. There was concern that, while national 
policy makers and presumably donors need to have information on center 
activities, the more technical reports were seen as being more useful in the 
hands of research workers who badly need them yet, especially those away from 
the main center, have very poor access to such material. The centers need to 
take more note of the difficulties in order to design appropriate strategies. 
5.4.3 Informal enrichment of experience 
While most of the centers' resources concerned with human capital 
enhancement are devoted to relatively formal modes of assisting individuals in 
their personal development, informal means are also used. A good example is 
the tour of agricultural development projects and agencies in the Philippines 
and Japan arranged by IEEI for senior Bangladesh agricultural officials. 
Similar study visits are a regular part of CIAT's Central American bean 
network and CIP's potato network. These activities are difficult to evaluate 
in terms of impact, but the individuals concerned reported on their 
effectiveness in expanding the horizons of people who hitherto had very 
circumscribed opportunities to view developments outside their immediate 
spheres of activity. 
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The same principle applies to people at all levels of research systems. 
The idea of broadening rather restricted educational opportunities through 
tailored travel to particularly innovative and successful examples of 
agricultural development is one that is actively pursued through a number of 
centers. Even in the more formal training programs, there is significant 
educational advantage to recipients by temporary relocation in a different 
culture with different methods and approaches 
are one important instrument for facilitating 
different ways of thinking about agricultural 
being demonstrated. The centers 
such international extension of 
development work. The UN 
agencies are, of course, very active in such work, as are universities 
everywhere that teach foreign students. The advantage of the centers, 
according to many respondents, is that they provide trainees with an 
opportunity actually to carry out relevant agricultural research activities, 
rather than just to hear about them. Centers, in principle, are usually 
fairly well equipped to offer a program that permits each person to master 
research techniques well target&d to individual needs and aspirations. 
Informal training also occurs when scientists from national programs visit 
researchers at the centers. This has been an important activity at IFPRI and 
IRRI. Increasingly the publications of the centers (e.g., IFPRI's Research 
Reports and CIMMYT's training manuals, one of which has gone to 15,000 people, 
are being used as teaching materials in universities in developing countries, 
expanding the indirect role of the centers in training. 
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Needless to say, any formal evaluation of these special means of enhancing 
human capital is beyond the resources of the present investigators, but should 
not be ignored merely because of the difficulties in measurement. Whether or 
not the system of international centers is needed to achieve such objectives 
is another matter but, since they do exist and work so effectively, their 
contribution is not to be taken lightly. 
5.4.4 Post-doctoral and other modes of service 
Most of the centers have programs under which researchers from partner 
countries spend one or two years at the center headquarters in post-doctoral 
positions. Both participants and centers consider these to be more than 
training appointments but they do enrich human capital. Researchers in India, 
Bangladesh and Indonesia mentioned post-doctoral appointments as valuable 
opportunities. Some controversy exists about the practice of some centers in 
having more than one level of post-doctoral appointment, and some questions 
were raised about having individuals from industrial countries appointed to 
these positions. There was a strong expression of demand for more 
post-doctoral opportunities from researchers in Indonesia, Bangladesh and 
other countries. 
One form of training that is not always recognized as such within the 
centers is service on the staff of centers by professionals from partner 
countries. The centers vary in the intensity of hiring of professionals from 
developing countries, but just over half of all senior international center 
. 
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staff are, indeed, from those countries (chapter 2). This is a rather 
different form of human capital enhancement that may not always be directly 
exploitable within the country of origin of the people concerned. There have 
been several instances, however, of professionals serving a term on the staff 
and then returning to their national programs. Clearly they bring with them a 
greatly heightened sense of possibilities.from the perspective of their 
international experiences. Others go on to other employment, outside their 
country and thus may be effectively lost to the national service. 
There are two sides to this. One feature evident at the moment is that 
the turnover rates of staff in the international centers vary considerably by 
country of origin. It is clear that personnel from most of the developing 
countries tend to stay ,for rather longer periods of service with the centers. 
There are several explanations of this. One is the difficulty of individuals 
finding suitable positions back in their national systems after being "out" 
for several years. People in several countries rate this as an issue for the 
centers and national programs both to consider. Various suggestions were made 
for fixed term appointments of international staff so that all staff would be 
obliged to retire after some maximal perSod (say, seven years). If this was 
institutionalized more formally, it may well be possible for researchers to 
negotiate return to designated points in national programs without the 
disadvantages that are presently associated with discontinuous service in 
hierarchial systems where promotion is by seniority in service rather than 
achievement. 
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5.4.5 Graduate training 
The centers have done much to strengthen some of the major agricultural 
universities in Asia. The ability of more collaboration to strengthen 
agricultural universities - particularly those drawing students from several 
countries in a region - was raised in many countries. The Rockefeller/CIMMYT 
maize program with close ties to Kasetsart University in Thailand, was s&id to 
have significantly improved research capacity. 
Bangladesh researchers desired more opportunities for university faculty 
to participate in the center training activities. This was needed both to 
upgrade their research skills, and to train the trainers of new researchers,' 
technicians and extension personnel. There is some frustration with the 
constraints on center training programs that seemingly prevent scholarships 
from being used for this purpose at present. 
IRRI and the University of the Philippines at Los Banos (UPLB) appear to 
have had a mutually beneficial relationship. UPLB receives the same services 
as other research systems but enjoys some additional advantages* IRRI staff 
teach a few courses and advise many graduate students, both those on IRRI 
fellowships and others. Graduate students and faculty use IRRI facilities. 
There is personal interaction between agricultural scientists and economists 
of the two institutions. The major negative effect of IRRI activities 
mentioned by respondents was the decline of the UPLB rice research program 
which some feel needs to be strengthened to train the rice scientists of 
tomorrow. 
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UPLB staff pointed out that IRRI has benefited from the connection with 
UPLB. IRRI has access to UPLB graduate students who do research at IRRI 
relatively cheaply. They are able to place master’s and PhD students from 
other countries at UPLB on IRRI fellowships but, since university fees do not 
cover full costs, there is some an element of subsidy. IRRI has also hired 
several excellent staff members from UPLB. An analogous relationship exists 
between IITA and the University of Ibadan. Many trainees at IITA are 
registered for higher degrees at the University of Ibadan and are jointly 
supervised. The Faculty of Agriculture of the University of Benin, Cotonou 
and IITA also have a similar 
Quite a few respondents 
relationship. 
challenged the centers to "provide" greater 
numbers of post-graduate scholarships'and center research opportunities. It 
must be observed here that the centers have only limited resources to serve 
these demands, and since they are not grant-making institutions, simply do not 
have the funds greatly to extend their post-graduate training sponsorship. 
There are many universities in industrial countries that have programs for 
developing country students, but the research component of such post-graduate 
degrees is not always ideally tuned to the needs of scholars from partner 
countries. An expansion of donor resources to support center-based thesis 
research opportunities for students taking degrees at advanced universities is 
one alternative that was often suggested to the study. 
For the long run, it should be observed, the real challenge is to build 
developing country universities in a manner to address these needs. This will 
not be easy and will take a long time. Sensitivity to the problems involved 
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in building such domestic capability will be required and nations and donors 
must be prepared to wait, possibly decades, for the rewards from such 
investments. 
Some observers in the discussions conducted in this study went so far as 
to suggest that there should be a new CGIAR center with a title something like 
the International Center for Agricultural Research Education, which could 
address the research training needs on a global basis and take some of the 
responsibilities of such gctivities from the present centers. Meantime ISNAR 
in particular, and in various ways most other centers to some extent, do the 
best that they can to assist countries in meeting these needs. 
5.5 Views on Institutional Change 
5.5.1 The centers as models 
Several national programs have been closely modeled after a center. In 
these cases, the model can be a most significant impact on the structure of 
national agricultural research systems. Some 'countries have pursued this 
approach to a very considerable extent, for example Brazil (see chapter 10). 
Others have taken the center model as the basis for a'national commodity 
program, for example the Bangladesh Rice Research Institute whose structure 
and organization, including its mission-oriented departments, are very similar 
to those of IRRI. 
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The newly reorganized Peruvian system is structured around commodity 
programs reflecting an influence of the centers. Furthermore, the centers 
concerned have nominated co-leaders of each of these programs ensuring an 
effective flow of information between the centers and the Peruvian 
scientists. Other countries have copied various parts of the centers, and 
many of the organizational reforms introduced into the national agricultural 
a systems can be traced in part to the influence of the international 
agricultural research centers. Farming systems research programs are a 
prominent example of this tendency. 
5.5.2 Influence of the centers .on levels of investment in research 
As has been noted in other chapters, the green revolution and its 
accompanying publicity was credited by many research workers as having been 
important in increasing the level of investment in agricultural research. For 
example, the head of the Agricultural Corporation in Burma reported that"it 
was the success of the Whole Township Rice Program, which was based on IRRI 
varieties, that was largely responsible for the recent expansion of 
agricultural research in Burma. 
Sometimes the existence of collaborative arrangements with the centers 
serves to protect the budget of parts of a national program in times of fiscal 
stringency. The stability of funding can often be as critical as the absolute 
level of support in maintaining a viable research effort. Researchers in 
Malawi noted that visiting scientists often have access to and influence with 
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research directors and political leaders, and can help in securing funding for 
national programs. 
Malawi's cassava program is an example of how collaboration by an 
international center can work in creating a sound local research program. 
After contact between IITA and the Malawi Government, the national research 
system was persuaded to start a research program on cassava. A member of 
staff was sent to IITA for a "root and tuber" production course in 1978. The 
breeder admits that he went with no idea about these crops and returned 
dedicated to them. He was encouraged by IITA staff to start first a 
collection of local varieties of cassava and sweet potatoes. This collection 
has identified some good local lines of- cassava that have been released to 
farmers and successfully adopted. The breeder maintains close contact with 
various extension staff and again attributes this orientation to IITA 
training. The program has been thoroughly supported by IITA. 
Research administrators in several institutions told the study reporters 
how they had used the presence of the centers or center activities to lever 
more resources from their governments. Several senior scientists at the 
University of the Philippines at Los Banos recalled that, in the early 19609, 
the Dean of the University made contact with the World Bank about a loan for a 
major building program through the Director of IRRI. He was also able to use 
the existence of IRRI as a point in discussion with Philippine legislators for 
counterpart funds needed to match the Bank's support. All five of the 
Philippine research institutes visited in this study were running CGIAR center 
cooperative trials, and reported that they received additional resources from 
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was instrumental in the creation of a small cassava material program. The 
productive collaboration between CIAT and the Cuban center for root crop 
research, together with the concomitant increases in farm production, was said 
there to have stimulated greater Cuban investment in cassava research.' 
The production of IR8 varieties shifted the attention of most rice 
breeders during the 1960s. In the Phi.lippines, the rice research program at 
UPLB decided to let IRRI conduct the lowland irrigated rice research while the 
University would undertake the research on upland rice. Again, when 
establishing the Institute of Plant Breeding at theSUniversity, it was decided 
not to do any research on rice because of IRRI's presence, but rather, .because 
of the weakness of research on other crops, to concentrate on them. In recent 
years, as other crop research has gained in strength, national researchers 
have been asking for UPLB and the Bureau of Plant Industry to do more research 
on rice, and IRRI also has been encouraging the strengthening of the program. 
Burmese maize breeders changed from breeding inbred lines for hybrids to 
the CIMMYT methods for developing composites of open pollenated populations. 
Agricultural engineers at the Agricultural Research Institute at Yezin (Burma) 
shifted their priorities from tractor-drawn implements to bullock-drawn and 
hand implements after the arrival of the IRRI team. Burmese rice researchers 
had been concentrating on improved management because they assumed that only 
small yield increases could come from varieties, until they imported IR8. It 
was not directly successful but it showed the potential for improvement 
through rice breeding. As a result, the Burmese shifted some resources from 
the IRRI nurseries, but also through mutation breeding and crossing. 
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5.5.4 Advice on institution building and research organization 
National agencies and authorities can be more or less receptive to advice 
on how their institutions may best be organized or reorganized. Since the 
early centers began their work, there has been considerable direct and 
indirect advice from center staff on many aspects of organization for 
research. Institutional structure has often been influenced but, perhaps even 
more importantly, the style of research organization has been significantly 
changed through center-related activities. 
The degree to whcih national commentators agreed on the acceptability of 
such advice varies from person to person. In some cases influence is ascribed 
to a particular individual. Norman Borlaug is probably the most mentioned 
person in this regard. During the 1960s and 1970s he was personally 
instrumental in engendering organizational changes in many countries, 
especially in S. Asia. In other cases there was hardly a mention of center 
influence, even where it is fairly obvious to even the casual observer. 
Witness, for.instance, the present structure and new program areas of the 
Bangladesh Institute for Development Studies, and the similarity to IFPRI, 
with which it has been actively collaborating. 
In several such cases, it is more a deduction of the outside observer 
than .a statement of involved local personnel that the models for organization 
of research are influenced by the international center examples. Issues of 
national pride sometimes curtail the degree to which such attribution is 
made. In India, for example, several people mentioned the enchancement of 
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commodity-specific activity in those commodities in the ICRISAT research 
mandate, subsequent to the establishment of ICRISAT. Such a claimed change in 
doemstic resource allocation may not be quite what had been envisaged by the 
founders of the CGIAR, but for a country to give more appropriate attention to 
previously somewhat neglected commodities seems, on balance, a desirable 
outcome. 
5.5'.5 Experience with ISNAR 
The most recently created international center, ISNAR, is precisely 
concerned with these broader issues of institutional development. This center 
or service, along with some other international organizations operating in the 
same sphere, assists national agencies concerned with research and extension 
to improve their organizational structures and planning procedures and, 
presumably, their overall effectiveness.' Naturally, ISNAR also makes use of 
the other international centers as models. 
The experience with ISNAR reflects the wider experiences with outside 
advice on institutional restructuring. Predictably, it is a somewhat mixed 
story. Most countries have welcomed their association wtih ISNAR and have 
actively implemented plans jointly worked out through this service. Some take 
quite some time to implement most of the recommendations (e.g.; Papua-New 
Guinea) but are committed to doing so and still value highly the joint 
planning activities. Some countries have used the occasion of an ISNAR review 
as an opportunity to take a fresh and wide-ranging look at the organization of 
their research. This can lead to somewhat mixed feelings about the role of 
. 
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ISNAR in the process. Malawi is a case in point. After objecting to the 
ISNAR recommendations and conducting its own re-review, the government 
proceeded to implement a new plan which, for the most part, was remarkably 
similar to the ISNAR plan. 
The broad view of the impact of ISNAR is rather positive. Research 
Personnel in several countries where ISNAR has not yet had either an 
opportunity or an invitation to work, expressed their hope for future 
involvement of ISNAR in the development of a more effective organization for 
agricultural research. 
5.6 Views on Policy Research 'and Implementation 
5.6.1 Independence, self determination and a role for centers 
National governments are naturally protective of many aspects of their 
independence. In terms of agricultural research in the large, germplasm and 
research techniques tend to cause few challenges to the more overt feelings of 
independence. However, issues of institutional change and research 
organization are areas where feelings about self-determination and 
independence tend to be strong. Many of the people interviewed expressed 
their concern about what they saw as the more dictatorial policy agencies, 
whether these were identified as international financial institutions such as 
the IMP or the World Bank'or other outside agencies such as the centers 
themselves. Most people active in policy making try to consider a range of 
. 
alternative sources of wisdom from which to prepare to take their decisions. 
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5.6.2 Sharing experience, and the transferability of policy 
Policy makers in many countries feel that there is much to be learned 
from the experiences of others whom they perceive as facing similar 
policy-making challenges. This is especially relevant in contemplating the 
impact of research by IFPRI. High-level decision makers in India, Kenya, 
Bangladesh, Egypt, Zimbabwe and the Philippines expressed to members of the. 
study team their active interest in seeking out research findings and other 
information on particular policy initiatives, (e.g., food subsidy policies in 
Egypt) even though their own situations vary greatly from those in the 
research case study countries. They felt that there was much to learn from 
analysis of the problems faced by others and of the advantages and 
disadvantages of programs that had been implemented. 
5.6.3 Experiences with IFPRI 
IFPRI works in a challenging environment because in each country tiiere 
are many national agencies concerned with policy formulation. Rather than 
dealing only with a Ministry of Agriculture and its research substructure. 
IFPRI usually deals with several departments that are significant in policy 
formation. For example, it typically has close working relationships with the 
Ministry of Finance and the Treasury as well as national food agencies - and 
this seems as things should be. Sometimes, however, this leads to some 
uneasiness among collaborators in the Ministry of Agriculture because they 
feel that their own role in agricultural planning may be being undermined. 
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Some policy makers emphasize the crucial nature of the bridge that IFPRI 
makes between activities of other international centers and the national 
programs. Part of this bridging stems from the role of other outside agencies 
in the policy process. For instance, the World Bank is a considerable force 
in policy work because it typically includes strong normative directions in 
the terms that are negotiated on loans. IFPRI does and, indeed, should help 
to bridge gaps between such outside forces and natonal programs, particularly 
if it maintains an independent research stance on the issues under discussion. 
Several senior policy makers expressed their admiration for the high 
degree of professionalism maintained by IFPRI. They made the point that IFPRI 
needs actively to prosecute the highest standards in its research work 
because, should these be perceived to be compromised any way, the credibility 
of the center would be immediately threatened. Some people in the policy 
making process expressed enthusiasm for the insights provided through IFPRI 
analysis. To quote one Minister of Agriculture, "We not merely welcome but 
really want the IFPRI analyses and are positively impatient for them. I need 
them now. They are just right and are on the right subjects. We like the 
cross-country comparisons as well as the case histories. They are invaluable 
in Cabinet in the battle for resources between ministries, and are especially 
needed because other ministries such as industry can provide clear 
cost-benefit cases to their ministers, and this is very hard in the area of 
agriculture". 
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In spite of the delicate issues of self determination in policy work, 
many people concerned with policy formulation expressed their appreciation of 
working with IFPRI on a policy issue. They felt that their own analysis 
gained credibility and greater impact in policy determination if it was 
accompanied by an IFPRI analysis. This added stature to their own work, which 
in some cases was conducted in collaboration with IFPRI. 
One of the observations made in several countries was that a reason for 
the relatively positive attitude toward IFPRI is that IFPRI often works with 
young academics with advanced training and these people often rise quickly to 
important government jobs. An experience in joint policy analysis with IFPRI 
can thus be carried to the highest levels of national decision making in a 
brief span of time. 
In the context of national sensitivities, it might seem possible .to 
distinguish between policy analysis, exploration of policy options, and policy 
advice. In practice, however, several national authorities expressed their 
belief that they were essentially the same thing. A good policy analysis that 
makes issues clear was seen as tantamount to the direct offering of advice. 
In spite of the lack of recognition of a distinction between analysis and 
advice, these countries were warm in welcoming policy analysts from IFPRI. 
The center was seen as being a dispassionate source of independent 'and 
professional thinking on topics that are inevitably awkward. 
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Authorities in several countries were seemingly concerned that they were 
under too much pressure from donors on awkward domesti,c issues such as rural 
development policies. 'The need for reliable and independent analysis such was 
perceived to be available through IFPRI was frequently expressed. Some 
countries feel a need to become more sophisticated with donors so that their 
own national priorities can be adequately embedded in programs that are 
assisted from external sources. Senior administrators in several countries 
expressed their awareness of the sensitivity with which IFPRI must proceed in 
many of its analyses. 
The thorny ground of regional trade issues in policy was suggested by 
some as a continuing priority area for IFPRI, in spite of any political 
difficulties it might bring in its train. Even more delicate is the potential 
work on land tenure issues which, perhaps rightly, IFPRI so far has not 
entered. Several authorities in the developing countries expressed their hope 
that IFPRI would, in due course, do some substantive work in the field of land 
tenure. From IFPRI's point of view, this is seen as a relatively straight- 
forward issue that-does not require much new research. From a country's point 
of view, it would value .the opportunity to have an outside body to be seen as 
sharing some of the "hard decisions" in analysis of the contentious political 
issues of land reform. 
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Several senior African policy makers who had attended the IFPRI-organized 
agricultural policy seminar at Victoria Falls expressed their appreciation for 
the initiative and were enthusiastic about the value of the meeting. It was a 
good opportunity to share problems and they felt that it was well planned, 
organized and run. 
A recent conference sponsored by IFPRI brought together senior policy 
advisors from 20 developing countries with research analysts in a review of 
food subsidies. A number of the delegates noted the value of an opportunity 
to discuss common problems with colleagues from other countries and to engage 
in debate with the analysts. IFPRI's research output was. unanimously regarded 
as being of high quality by those respondents who commented. However, one 
researcher claimed that "the work of IFPRI is too centralized in Washington 
and therefore its impact in generating useful policy directions in developing 
countries will be very limited". 
These few reports of national views of IFPRI's contributions illustrate 
how different is its operating environment from those faced by the other 
centers and thus , yet again, the diversity of the CG system and of national 
perceptions of its centers' works. 
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5.7 Coda 
* The centers concerned with plant improvement have given high priority to 
providing national collaborators with pools of genetic materials of 
intersting diversity. In every country study, the provision of germplasm 
of important food crops was most frequently cited, along with training, as 
the most valuable contribution of the centers. 
* Since the development of international rice nurseries, rice breeders have 
obtained germplasm easily and routinely. Wheat varieties were exchanged 
more regularly between some countries. However, countries with less 
developed research systems had little or no access to these sources until 
CIMMYT organized its international nurseries. 
* Until CIAT and IITA began active provision of cassava clones there was 
virtually no organized source for such materials. Seed potatoes could be 
obtained from commercial sources but, until CIP's program, there was no 
systematic way that developing countries could obtain a selection of 
potato varieties liikely to be superior for their environments. 
* The availability of the germplasm collections and networks has 
signficantly raised the goals of research. Cuban scientists, however, 
were concerned that the rice materials they received from CIAT had been 
too closely selected for traits that were not necessarily relevant to 
Cuban circumstances. 
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* A positive counter-example, in this respect, is Malawi's collaboration 
with CIAT. The center continues to respond to the country's requests for 
bean material in a most specific manner. Thus the country receives 
material specified according to request by seed colour and size, disease 
resistance, growth habit, etc. 
* Several national programs have been closely modeled after a center. The 
green revolution and its accompanying publicity was credited by many 
research workers as having been very important in increasing the level of 
investment in agricultural research. 
* Sometimes the existence of a collaborative arrangement with the centers 
serves to protect the budget of a national program in times of fiscal 
stringency. Research administrators in several institutions told the 
study reporters how they had used the presence of the centers or center 
activities to lever more resources from their governments. 
* Centers are perceived as having been quite successful in passing on skills 
and techniques, e.g., mass rearing of insects, artificial innoculation of 
crops, gathering and storing rust innoculum for evaluating disease 
resistance, population breeding, vacum emasculation, etc. Many countries 
have now instigated farming systems research programs, partly at the 
behest of donors and with the assistance of the centers, and partly 
because research planners have been impressed by the idea. 
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* The individuals who reported having training in the centers were generally 
positive about their experiences. Researchers in Kenya indicated that the 
vairous courses offered by the centers were particularly beneficial for 
the technical cadres and first degree holders. Courses in modern 
production methods served a useful purpose, especially in newly created 
programs with little or no local history of research. 
* Training courses conducted in their home countries were rated as 
particularly useful by researchers in Ecuador, Malawi, Zimbabwe and Cuba, 
for example. The Cubans expected to rely heavily on the centers which 
offer traiing in tropical agronomy not otherwise available to them. 
Training by ICARJlA is reported to have led to the establishment of two new 
departments within the field crops section of the Syrian national program. 
* The center's systems of selective dissemination of information from the 
world literature to colleagues in partner countries provides material 
selected on the basis of declared interests of the recipients and is 
appreciated by them. 
* Some scientists felt that the nature of the services of the centers was 
not widely enough known and understood, and that more promotion and 
information is needed. However, many, including some from Mexico, Malawi 
and Zimbabwe, were concerned that the publications they received were 
often too general to be of use in their scientific endeavors. Technical 
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reports were seen as being more useful in the hands of research workers 
yet many, especially those away from the main center, have very poor 
access to such material. 
* Many respondents challenged the centers to "provide" greater numbers of 
post-graduate scholarships, Institute research and post-doctoral 
opportunities. An expansion of resources to support center-based thesis 
research opportunities for students taking degrees at industrial country 
universities is one alternative that was suggested by several authorities 
in the developing countries. 
* National agencies and authorities can be more or less receptive to advice 
on how their institutions may best be organized or reorganized. The 
experience with ISNAR reflects the wider experiences with outside advice 
on institutional restructuring. Predictably, it is a somewhat mixed 
story. Most countries have welcomed their association with ISNAR. 
* In spite of the delicate issues of self determination in policy work, many 
people concerned with policy formulation expressed their'appreciation of 
working with IFPRI on a policy issue and also of seeing the results of 
carefully worked policy research. 
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